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Preface 


T.. past few years have witnessed a 
notable increase in interest in and investigation of the cognitive proc- 
esses—the means whereby organisms achieve, retain, and transform 
information. This increase in interest and effort should, we suppose, 
be counted as a “revival,” since there was an earlier time (the years 
before the first World War), when the Higher Mental Processes con- 
stituted a core topic within psychology. 

One need not look far for the origins of the revival. Partly, it has 
resulted from a recognition of the complex processes that mediate be- 
tween the classical “stimuli” and “responses” out of which stimulus- 
response learning theories hoped to fashion a psychology that would 
by-pass anything smacking of the “mental.” The impeccable periph- 
eralism of such theories could not last long. As “S-R” theories came 
to be modified to take into account the subtle events that may occur 
between the input of a physical stimulus and the emission of an ob- 
servable response, the old image of the “stimulus-response bond” be- 
gan to dissolve, its place being taken by a mediation model. As 
Edward Tolman so felicitiously put it some years ago, in place of a 
telephone switchboard connecting stimuli and responses it might be 
more profitable to think of a map room where stimuli were sorted out 
and arranged before ever response occurred, and one might do well 
to have a closer look at these intervening “cognitive maps.” 

Information theory is another source of the revival. Its short his- 
tory in psychology recapitulates the fate of stimulus-response learn- 
ing theory. The inputs and outputs of a communication system, it 
soon became apparent, could not be dealt with exclusively in terms 
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Finally, the revival has been stimulated by deep a haa 
changes in personality theory. Freud's brilliant insights at the turn 
of the century focussed attention on what might appropriately he 
called the motivational economy of man’s adjustment: the expression 
of inner drives and the resolution of such drives when they conflict. 
His formulations and their later extension were, in considerable 
measure, a revolt against the excessive rationalism of the 19th cen- 
tury. Cognitive activity was at first of interest to the personality 
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year program of research, part of the Cognition Project in the Lab- 
oratory of Social Relations at Harvard University. The work has 
been made possible by grants from the Laboratory, from the Rocke- 
feller Foundation, and from the Behavioral Sciences Division of the 
Ford Foundation, and we are greatly indebted to each of them for 
their support. 

The work began in 1951 when two of us spent a year free of teach- 
ing duties at the Institute for Advanced Study and we gladly ac- 
knowledge our debt to its Director, Dr. J. Robert Oppenheimer, both 
for providing the opportunity and for giving us much good advice 
and helpful encouragement. He once expressed the view that units 
of analysis in science usually turn out to be much larger and more 
inclusive than one at first expects. As our own work has progressed 
from initial concern with the number of bits of information assim- 
ilated from single encounters with events to an ultimate concern with 
the informational properties of long sequences of acts called strate- 
gies, we recognize the appropriateness of his remark. 

Empirical research began the next year at Harvard, and as is so 
often the case in psychology, the plans and formulations of the first 
year of thinking underwent some drastic changes when translated into 
experiments. Dr. Robert V. Seymour, whose doctoral thesis was one 
of the first efforts at such translation, contributed greatly then and 
on subsequent occasions to our understanding of the conceptualizing 
process. It was he who first saw the way in which conceptualizing 
behavior could be treated as a strategy problem. Chapter 4 of this 
book is largely based on his efforts. A doctoral research in the fol- 
lowing year had much the same energizing effect on our efforts, the 
work of Dr. Robert E. Goodnow. His exploration of the manner in 
which human beings deal with and use uncertain cues provides much 
of the basis for Chapter 7. 

Throughout, we have had the good fortune of being goaded and 
contained by research collaborators and assistants who have con- 
tributed materially to the design of research and its interpretation, 
and to the climate of thought in which we have worked. Claire Zim- 
merman, Jean Matter, Donald O’Dowd, Elise Bartholomew, William 
Hull, Mary Potter, Michael Maccoby, Malcolm Jeeves, George Tal- 
land, Michael Wallach, and Lotte Bailyn have all carried a share of 
the effort and we are indebted to them. Lotte Bailyn began the un- 
ravelling of the problem of how “either-or” concepts are handled in 
thinking, an account of which is to be found in Chapter 6, and Mary 
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“We may insist as much as we like that the hi 
intellect is weak. . - - But nevertheless the 
something peculiar about this weakness. The 
voice of the intellect is a soft one, but it does 
not rest until it has gained a hearing. Ultimately, 
after endlessly repeated rebuffs, it succeeds.” 


S. FREUD 
The Future of an Illusion 
p. 93 
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Introduction 


W. begin with what seems a paradox. 
The world of experience of any normal man is composed of a tremen- 
dous array of discriminably different objects, events, people, impres- 
sions. There are estimated to be more than 7 million discriminable 
colors alone, and in the course of a week or two we come in contact 
with a fair proportion of them. No two people we see have an 
identical appearance and even objects that we judge to be the same 
object over a period of time change appearance from moment to 
moment with alterations in light or in the position of the viewer. 
All of these differences we are capable of seeing, for human beings 
have an exquisite capacity for making distinctions. 

But were we to utilize fully our capacity for registering the 
differences in things and to respond to each event encountered as 
unique, we would soon be overwhelmed by the complexity of our 

‘environment. Consider only the linguistic task of acquiring a vo- 
cabulary fully adequate to cope with the world of color differences! 
The resolution of this seeming paradox—the existence of discrimination 
capacities which, if fully used, would make us slaves to the partic- 
ular—is achieved by man’s capacity to categorize. To categorize 
is to render discriminably different things equivalent, to group the 
objects and events and people around us into classes, and to respond 
to them in terms of their class membership rather than their unique- 
ness. Our refined discriminative activity is reserved only for those 
segments of the environment with which we are specially concerned. 
For the rest, we respond by rather crude forms of categorial place- 
Bent. In place of a color lexicon of 7 million items, people in our 
Society get along with a dozen or so commonly used color names. 
It suffices to note that the book on the desk has a “blue” cover. If 
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mastered they can be used without further learning. We need no 
learn de novo that the stimulus configuration before us is another 
house. If we have learned the class “house” as a concept, new 
exemplars can readily be recognized. The category becomes a tod 
for further use. The learning and utilization of categories represent 
one of the most elementary and general forms of cognition by whic 
man adjusts to his environment. It was in this belief that the te 
search reported in this volume was undertaken. For it is with the 
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What lies behind the identity response is not clear, save that it is 
obviously a response that is affected by learning. It does not do to 
say simply that an object is seen as the identical object on a later 
encounter if it has not “changed its characteristics too much.” The 
moon in its phases varies from a sliver to a circle, in color from 
luminous white to the bronzed hunter’s moon. Sheldon (1950) 
collected a series of photographs of the same individual over a period 
of 15 years, the person standing in the same position against a uniform 
background. The photographs span the period from early boyhood 
to full manhood. As one riffles through the stack, there is a strong 
and dramatic impression of the identical person in the process of 
growth. Yet the pictures go through a drastic metamorphosis. 
Because such identity responses are ubiquitous and because they 
are learned very early in life, we tend to regard them somehow as a 
different process from other forms of categorizing—the recognition 
of two different people as both being people. Yet both depend upon 
what Michotte (1950) speaks of as the presence of a cachet spécifique 
or essential quality. They are both forms of categorizing. What 
differs is the nature of the inference: in the one case we infer “iden- 
tity” from the presence of the cachet, in the other case “equivalence.” 

How one comes to learn to categorize in terms of identity cate- 
gories is, as we have said, little understood. Too often we have 
succumbed to the Kantian heritage and taken identity categories as 
given. Piaget’s recent work (1953) and the work of Michotte (1946) 
leave the question open. Piaget speaks of the learning of identity 
as corresponding to the mastery of a principle of conservation as in 
the conservation of energy in physics. At certain stages of develop- 
ment, an object passed behind a screen is not judged by the child 
to be the same object when it emerges on the other side. Hebb 
(1949) proposes that certain forms of neural growth must precede 
the capacity for the maintenance of identity. Whether the capacity 
is “innate” and then developed by being extended to new ranges of 
events or whether the capacity to recognize identity is itself learned 
1s not our concern here. It suffices to note that its development 
depends notably upon learning. 

That there is confusion remaining in the adult world about what 
constitutes an identity class is testified to by such diverse proverbs 
as plus ca change, plus la méme chose and the Heraclitan dictum 
ate ed enter the same river twice. Indeed, in severe psychotic 

° sometimes notes an uncertainty about the identity cate- 
gory that is the “self” in states of depersonalization, and a rather 
Polgnant reminder that the identity of self is even equivocal in normal 
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We speak of an equivalence class when an Sa responds P 
a set of discriminably different things as the same kind of thing or, 
amounting to the same thing. Again we depend for our knowledg 
of the existence of a category upon the presence of a common x 
sponse. While there is a striking phenomenological difference be 
tween identity and equivalence, both depend upon the acceptance 
of certain properties of objects as being criterial or relevant—again 
Michotte’s cachet spécifique—and others as being irrelevant. One 
may distinguish three broad classes of equivalence categories, each 
distinguished by the kind of defining response involved. They may 
be called affective, functional, and formal categories. 
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manipulation characteristic of adult problem-solving. Indeed, it is 
not difficult to imagine that the effectiveness of poetry often rests on 
its ability to cut across our conventional linguistic categories in a way 
evocative of more affective categorizations. Archibald MacLeish 
(1939) catches well this esthetic need for freedom from conven- 
tional verbal categories in his lines, 


A poem should be palpable and mute 

As a globed fruit 

Dumb 

As old medallions to the thumb 

Silent as the sleeve-worn stone 

Of casement ledges where the moss has grown— 
A poem should be wordless 

As the flight of birds. 


The problems of specifying the properties of objects that mediate 
a common categorizing response become less arduous when the 
category is a functional or utilitarian one. Rather than an internal 
state rendering a group of things equivalent, now equivalence is based 
on an external function. The objects of a functional category fulfill 
a concrete and specific task requirement—“things large enough and 
strong enough to plug this hole in the dike.” Such forms of defining 
response almost always have, as Bartlett (1951) suggests, a specific 
interpolative function (“gap filling”) or a specific extrapolative func- 
tion (“how to take the next step”). The experiments by Maier (1930, 
1931, 1945) represent an outstanding instance of research on the con- 
ditions which facilitate and inhibit the recognition of “requirements” 
necessary for correct identification of an object as fulfilling specific 
functions in a particular task situation, such situations, for example, as 
how to bridge a gap between two objects given certain limits and 
certain properties in the materials provided. 

Formal categories are constructed by the act of specifying the in- 
trinsic attribute properties required by the members of a class. Such 
categories have the characteristic that one can state reliably the dia- 
critica of a class of objects or events short of describing their use. 
The formal properties of science are a case in point. Oftentimes the 
careful specification of defining properties even requires the construc- 
tions of special “artificial” languages to indicate that common-sense 
functional categories are not being used. The concept “force” in 
physics and the word standing for the functional class of events called 

force” in common sense do not have the same kind of definition. 
x What is accomplished in effect by formal categories is that one is able 
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questionable. Indeed, it is characteristic of highly elaborated cu. 
tures that symbolic representations of formal categories and form 
category systems are eventually developed without reference to the 
— of environmental events that the formal categories “stand for.’ 
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THE INVENTION OF CATEGORIES 

To one raised in Western culture, things that are treated as if they 
were equivalent seem not like man-made classes but like the products 
of nature. To be sure, the defining criteria in terms of which equiva- 
lence classes are formed exist in nature as potentially discriminable. 
Rocks have properties that permit us to classify them as rocks, and 
some human beings have the features that permit us to categorize 
them as handsome. But there exists a near infinitude of ways of 
grouping events in terms of discriminable properties, and we avail 
ourselves of only a few of these. 

Our intellectual history is marked by a heritage of naive realism. 
For Newton, science was a voyage of discovery on an uncharted sea. 
The objective of the voyage was to discover the islands of truth. The 
truths existed in nature. Contemporary science has been hard put to 
shake the yoke of this dogma. Science and common-sense inquiry 
alike do not discover the ways in which events are grouped in the 
world; they invent ways of grouping. The test of the invention is the 
predictive benefits that result from the use of invented categories. 
The revolution of modern physics is as much as anything a revolution 
against naturalistic realism in the name of a new nominalism. Do 
such categories as tomatoes, lions, snobs, atoms, and mammalia exist? 
In so far as they have been invented and found applicable to instances 
of nature, they do.* They exist as inventions, not as discoveries. 

Stevens (1936) sums up the contemporary nominalism in these 
terms: “Nowadays we concede that the purpose of science is to invent 
workable descriptions of the universe. Workable by whom? By us. 
We invent logical systems such as logic and mathematics whose terms 
are used to denote discriminable aspects of nature and with these 
systems we formulate descriptions of the world as we see it and ac- 
cording to our convenience. We work in this fashion because there is 
no other way for us to work” (p. 93). Because the study of these acts 
of invention is within the competence of the psychologist, Stevens 
calls psychology “the propadeutic science.” 

The recognition of the constructive or invented status of categories 
changes drastically the nature of the equivalence problem as a topic 
for psychological research. The study of equivalence becomes, essen- 
tially, a study of coding and recoding processes employed by organ- 
isms who have past histories and present requirements to be met. 


° See Burma and Mayr (1949) for an enlightening discussion of the “reality” 
the species concept in systematic zoology. e reality” of 
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misleading. For the act of categorizing, operationally defined in the 
manner discussed in the foregoing, may occur in a perceptual situation 
or one not involving the presence of stimulus objects. Logically 
speaking, there is no distinction between them save in the sense that 
the materials categorized differ. Categorization at the perceptual 
level consists of the process of identification, literally an act of placing 
a stimulus input by virtue of its defining attributes into a certain class. 
An object of a certain color, size, shape, and texture is seen as an 
apple. The act of identification involves a “fit” between the proper- 
ties of a stimulus input and the specifications of a category. Categori- 
zation of “conceptual objects” also involves the fit of a set of objects 
or instances to the specifications of a category. We categorize, say, 
Whig and Tory statesmen of the first half of the 19th century in terms 
of whether each instance of the class had certain characteristics of 
allegiance, belief, etc. Or we class together all prime numbers by 
virtue of whether they meet the criterion of nondivisibility. 

One of the principal differences between the two forms of cate- 
gorization—the “perceptual” on the one hand and the “conceptual” on 
the other—is the immediacy to experience of the attributes by which 
their fitness to a category is determined. In the perceptual case, the 
relevant attributes are more immediately given by which we judge the 
categorial identity of an object, at least in simple perceptual situations. 
At the other end, the attainment of knowledge about the attributes 
that are relevant may require a difficult strategy of search as, for ex- 
ample, in the field of art history when one seeks to identify a painting 
as, say, a Massaccio or a product of one of his students, or as in science 
when by the use of the Ascheim-Zondek test one seeks to classify a 
woman two weeks after her last menstruation as pregnant or not. 
There are, of course, steps in between the two extremes where the 
relevant cues to categorization are only “moderately immediate” and 
in which some strategy of search behavior is required of the subject, a 
striking experimental example being the behavior of subjects attempt- 
ing to identify tachistoscopically presented material or material pre- 
sented peripherally or at low illumination or with a high noise back- 
ground. 

We have lingered on the continuity of categorization at the per- 
ceptual and conceptual levels not so much to insist upon the identity 
of all categorization behavior—for there are striking differences in the 
behavior of subjects operating with conceptual and perceptual cate- 
Zories as we can see in examining the experimental literature—but 
rather to urge the importance of the economy gained by treating the 


__ underlying process as common in the two activities and in the phe- 
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manner in which kin are categorized in societies with and v ithout 
primogeniture rules; the classification of women into “sisters and 
“eligibles” described by Hallowell (1951); the categorization of 
certain acts as friendly and others as hostile: all of these are project- 
ions of deep cultural trends into the experience of individuals. The 
principal defining attribute of an “intelligent man” for the Navaho 
is, according to one informant, a man who has seen a great many 
different things and travelled much. The word yaigeh which denotes 
this type of intelligent man does not include a man who, say, is noted 
for his domestic wisdom. It is difficult to determine whether there is 
a unitary category for “general intelligence” in Navaho. The first 
category used by our informant in specifying intelligence is especially 
interesting. The Navaho were historically a nomadic people who, 
though geographically no longer mobile, continue to show a great 
interest in distant things and events.* 

The example just cited immediately suggests the controversial 
theories of Benjamin Lee Whorf (1940) and brings into question the 
relation between the lexical categories of a language and the custom- 
ary cognitive categories in terms of which the speakers of a language 
sort their worlds. We shall not pause here to attempt a resolution of 
the two extreme views, the “cloak theories” and the “mold theories,” 
the one holding that language is a cloak conforming to the customary 
categories of thought of its speakers, the other that it is a mold in 
terms of which thought categories are cast. The resolution will 
obviously have great bearing on theories of categorizing and on the 
issues involved in understanding the relation between culture and 
personality. These are problems the reader will find discussed in the 
appendix to this book prepared by Dr. Roger W. Brown. 

In fine, we would note only that problems of how categories are 
formed and used are relevant not only to classical problems within 
psychology, but also to the sciences of culture, notably anthropology 
and linguistics. 


THE ACHIEVEMENTS OF CATEGORIZING 


What does the act of rendering things equivalent achieve for the 
organism? It is a good preliminary question, like the functional 
query of the biologist: “What is accomplished by digestion?” The 


* We are greatly indebted to Professors Evon Vogt and John Roberts, both of 
whom have discussed with us at length the cognitive characteristics of Navaho 
and Zuni society. Professor Vogt also made it possible for one of the authors 
(J.S.B.) to get some sense of the cross-cultural importance of categorizing 

mena on an all-too-brief visit to New Mexico in the summer of 1954, 
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taken. Such direction is even provided when we come up against 


an object or event which we cannot place with finality. To the 
degree the new object has discriminable properties and these prop- 
erties have been found in the past to be relevant to certain categories, 
we can make a start on the problem by a procedure of “categorial 
bracketing.” The object appears to be animate; what does it do if 
it is poked? It stands on two legs like a man; does it speak? Much 
of problem-solving involves such repeated regrouping of an object 
until a pragmatically appropriate grouping has been found. In short, 
such successive categorizing is a principal form of instrumental 
activity.* 

A fifth achievement of categorizing is the opportunity it permits 
for ordering and relating classes of events. For we operate, as noted 
before, with category systems—classes of events that are related to 
each other in various kinds of superordinate systems. We map und 
give meaning to our world by relating classes of events rather than 
by relating individual events. “Matches,” the child learns, will 
“cause” a set of events called “fires.” The meaning of each class of 
things placed in quotation marks—matches, causes, and fires—is given 
by the imbeddedness of each class in such relationship maps. The 
moment an object is placed in a category, we have opened up a 
whole vista of possibilities for “going beyond” the category by virtue 
of the superordinate and causal relationships linking this category 
to others. 

In speaking of achievements we have not, perhaps, placed enough 
stress on the anticipatory and exploratory nature of much of our 
categorizing. In the case of most categorizing, we attempt to find 
those defining signs that are as sure as possible as early as possible to 
give identity to an event. At the barest level of necessity, this is 
essential to life. We cannot test the edibility of food by eating it 
and checking the consequence. We must learn ways of anticipating 
ultimate consequences by the use of prior signs. In simpler organ- 
isms than man, one often finds that there is a built-in mechanism for 
response to such anticipatory signs. The greylag gosling, observed 
by Tinbergen (1948), responds with a flight reaction to a hawk-like 
silhouette drawn on a wire across its pen. The young of the black- 
headed gull responds to a red spot on the side of its mother’s bill 
with a “begging response” for food and the mother responds to the 

‘ open bill of the young by inserting food. Lashley’s description 
bi (1938) of the response of cyclostoma to anticipatory danger signs by 


° The instrumental role of categorizing is treated in detail in Chapter 3. 
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problem of “cognitive motivation.” What is served by postulating 
categorizing motives beyond saying such things as “The person strives 
to reduce the complexity of his environment,” or “There is a drive 
to group things in terms of instrumental relevance?” We would 
argue that the postulation of motives to correspond to achievements 
of functioning is an empty procedure. But there are problems of 


motivation involved in categorizing behavior over and beyond this 
level of discourse, and to these we turn next. 


THE MOTIVE TO CATEGORIZE 


There are three ways in which cognitive motives in general may be 
conceived. The first is to postulate need processes assumed to be at 
the basis of cognitive activities. Bartlett (1932), for example, speaks 
of “effort after meaning” and Tolman (1951) of a “placing need” to 
account for the push that impels people to categorize, identify, and 
place things. Hilgard (1951) postulates two goals of perception: the 
goal of stability and the goal of clarity or definiteness. These take 
on the function of guiding and impelling perceptual and cognitive 
behavior. One can justify the positing of such needs or goal strivings 
only on the ground that they are frustratable, satiable, and to a 
certain degree specific with respect both to appropriate initiators 
and gratifiers. The difficulty with all such conceptions to date, 

whether in the general forms of “cognitive need” or in the more 

¥ restricted form of Woodworth’s will to perceive (1947), is that they 
have no specifications about the conditions that arouse the need, 
gratify it, frustrate it, or satiate it. To the extent that this is true, 
such theories serve no purpose save to equate cognitive achievements 
with a motive to achieve. 

We believe, however, that there are clear signs now present in the 
psychological literature whereby it is possible to construct a theory 

Of cognitive needs that goes beyond this general form. Experiments 
by Wyatt and Campbell (1951) and Postman and Bruner (1948) 
indicate that the presentation of objects to be recognized under 
_ difficult or stressful conditions of viewing leads to categorizing or 
_ identification behavior that varies in a systematic way from the 
_ behavior prevailing under normal perceptual conditions. The latter 
‘periments show that, when the completion of categorizing is 
ed by the introduction of almost impossible viewing conditions, 
effect is to produce “reckless” identification behavior on sub- 
mt opportunities for perceiving, reckless in the sense that abor- 
tification occurs in the absence of adequate cues. The 
Wyatt and Campbell point out, is to “saddle” the perceiver 
me 
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of tension that occurs when we cannot “place” somebody, the 
frustration we have been able to induce in subjects serving in 
tachistoscopic experiments when exposure levels were too low, the 
malaise of the trained mind faced with a seemingly causeless effect— 
all of these are as characteristic of frustrated cognitive activity as 
desire is of blocked sexual activity. There is also the phenomenology 
of the Eureka experience: the “Aha, Erlebnis,” or the “That's it!” 
feeling. Reports of such experiences have, of course, been used as 
a basis for inferring the presence of a generalized cognitive need, be 
it called “effort after meaning” or what not. 

We have seen our subjects going through agonies of frustration 
with difficult problems and experiencing “Eureka!” when they thought 
(often wrongly) that they had found a solution, and we have 
wondered what function was served by such an affect. Perhaps 
none, or perhaps even our question is meaningless. We have the 
impression that such an affect provides a kind of feedback which 
regulates the flow of problem-solving behavior. Cognitive frustra- 
tion, within tolerable limits, helps keep search-behavior going. The 
“insight” experience leads to new bursts of testing activity. We are 
completely without evidence for such assertions or even without 
proposals as to how one might gather evidence. 


ON THE VALIDATION OF CATEGORIZING 


Categorizing an event as a member of a class and thereby giving it 
identity involves, as we have said, an act of inference. Whether one 
is deciding what the blob was that appeared for a few milliseconds in 
a tachistoscope or what species of bird it is that we have our binoculars 
trained on or what Pueblo period this potsherd belongs to, the basic 
task is not only to make an inference but to make the “right” inference. 
Is the blob a face, the bird a scissor-tailed flycatcher, the potsherd from 
Pueblo II? How can we be sure? Let it be clear that we are not 
asking philosophical questions. We want to know, simply, how 
people make sure (or make surer) that they have placed an event in 
its proper identity niche. 

There appear to be four general procedures by which people re- 
assure themselves that their categorizations are “valid.” The first is 

Y recourse to an ultimate criterion, the second is test by consistency; 
the third, test by consensus and the fourth, test by affective congru- 
ence. Consider each in turn. 

Recourse to an Ultimate Criterion. A simple functional category 
Provides an example. By means of such defining properties as color, 
Size, and shape, mushrooms are divisible into a class of edible mush- 
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calls it inedible. If you should ask him ho w he can be sure, he woul 
doubtless tell you that the way to be absolut ly sure is to eat it If | 
makes you sick or kills you, then his categ¢ 
“valid.” a ; 
The example chosen is perhaps too simple | For there are man 
categories where it is difficult to specify the ultimate criterion againg 
which to check the adequacy of the defining attributes. By the 
simplification will serve us for the while. 
When recourse to an ultimate criterion for defining a category is of 
grave consequence, the culture may take it upon itself to invent label 
or signs by which examplars of the category can be spotted in suff. 
cient time for appropriate avoidance. The custom of putting a red 
skull and crossbones on bottles of poison, the use of red color on dan- 
gerous industrial machinery, stop signs at dangerous intersections—all | 
of these are examples of the artificial creation of anticipatory defining 


attributes that in effect Save one an encounter with a dangerous ulti- 
mate criterion. 
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been so influenced by the recent war scare tl 
by a foreign power was imminent and 
due to the Japanese, Hitler, or Martians 
1940, p. 191). 
Validation by consistency is perhaps nowhere better illustrated than 
in modern taxonomic research. At the lowest el, so-called alpha 


taxonomy, one seeks to differentiate as many species as possibl 

terms of whatever defining properties are visibl hnique 
leads to vast multiplication of categories. There are now about a 
third of a million species of plants, and each year about 5,000 are 


added. ‘There are about 2 million species and subspecies of animals 
and it is estimated that new ones are being added at the rate of 
10,000 per year. Some estimates of the number of insect species run 
as high as 3 million (Silvestri, 1929), and given new radiological 
methods of producing mutations, the possible number of virus types 
seems almost unlimited. As far as identification is concerned, the 
modern taxonomist readily agrees (Mayr, 1952) that species are not 
“discovered” but “invented.” The principal problem of “validation” at 
this level is to establish the “existence” of a category, which means, 
essentially, that other investigators can distinguish the same grouping 
if they follow directions for finding it. 

It is at the next level of taxonomy, beta taxonomy, that the criterion 
of consistency becomes critical, for now the task is to order the be- 
wildering array of species into a system of classification. Whether or 
not one’s grouping of a series of species into genera and then into a 
phylum is “valid” or not depends upon whether the properties of the 
grouped species are consistent with one’s conception of evolution. 
The correctness of the grouping “elasmobranchs” as distinguished 
from “teleostean fishes” depends upon whether the defining morpho- 
logical properties of the two classes fit a consistent pattern of develop- 
ment as formulated in evolutionary theory. Teleostean fishes are 
more “evolved” or “higher than” sharks because of the consistent dif- 
ferences in skeletal system, renal system, circulatory system, etc. 
What makes the classification valid is that it is explicable in terms of 
amore general theory about the changes in morphology and physiol- 
ogy that characterize the evolution of animal life. If one would seek 
to establish the validity of considering a certain group of animals as 
constituting a phylum, the test would be by consistency with the re- 
quirements of the theory governing classification not only of this new 
phylum but of phyla generally. 

Test by Consensus. Such categories as “good citizen” or “decent 
Person” are often in effect consensually validated. Because the de- 
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by man nor by the random force 
after inferred from the experienc 
both by consistency and by conse: 
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gorizing. 
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p. 127). In its most extreme pathological form, 


validation by affective 
congruence makes it possible for the parant 


id to construct a pseudo- 
environment in which the random noises about him are 
words being spoken against him. At the level of norma] functioning, 
it permits the acceptance of such unknowable absolutes as God, the 
Dignity of Man, or Hell. 


categorized as 


LEARNING TO CATEGORIZE 


Much of our concern in subsequent chapters will be with the 
“attainment of concepts,” the behavior involved in using the discrimin- 
able attributes of objects and events as a basis of anticipating their 
significant identity. We can take as a paradigm the behavior of a 
young gourmet who is determined to gather his own mushrooms in the 
conviction that the wild varieties are far more worthy of his cooking 
skills that the cultivated types available in the market. His first aim 
is to discriminate between edible and nonedible mushrooms. If he 
were really starting from scratch, he would have two sources of in- 
formation. On the one hand, he would be able to note the charac- 
teristics of each mushroom or toadstool he picked. He could note its 
color, shape, size, habitat, stalk height, etc. He would also know 
whether each mushroom, fully described as we have noted, made him 
ill or not when eaten. For the sake of the inquiry, we endow our 
man with considerable enthusiasm and sufficient sense so that he eats 
Only a small enough portion of each mushroom to allow him to de- 
termine edibility without being killed by the adventure. His task is 
to determine which discriminable attributes of the mushrooms he tries 
See with maximum certainty to the inference that the type is 
edible, 


Note that our man already knows of the existence of the two classes 
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motivational and situational, that alter the wav in which the person 
searches for groupings in his environment? What ; he relative role 
of “thinking” as compared to “external testing” in finding out wiht 
cues are relevant? What are the conflicting goals in categorial prob- 
Jlem-solving that force the adoption of “ ompromise” strategies? 


These are some of the questions to which the third chapter is ad- 
dressed. The reader will find threads . ? 

of communication in our treatment of these problems. aces 
incidental to the general attempt to describe the systematics of cite: 
gorizing and conceptualizing. 

Part II of the book, comprising five chap 
tent. In the first four chapters we describe a series of some 20 experi- 
ments on concept attainment under a variety of conditions—concept 
attainment here described as the process of learning what features of 
the environment are relevant for grouping events into externally de- 
fined classes. These chapters contain applications of the theory pre- 
sented in the first part of the book to a set of richly varied empirical 
data. The aim of these experiments and their discussion is not so 
much to do an exhaustive job of describing how people attain con- 
cepts as it is to describe and illustrate a general approach to this cogni- 
tive problem. In Chapter 8 an effort is made to bring together the 
theoretical issues raised in the book and to evaluate them in terms of 
experiments reported. 

Part III comprises an appendix written by Dr. Roger W. Brown, 
applying the theory of categorizing to phenomena of psycholinguistics. 
It is concerned with classical problems of language coding as well as 
with the vexing question of the role of language in the patterning of 
thought. 

To the reader conversant with contemporary American psychology, 
the book will appear singularly lacking in the more familiar forms of 
theoretical discourse. Neither the language of learning theory, of 
Gestalt theory, nor of psychoanalysis will be evident save in the form 
of incidental reference. For our objective has not been to extend re- 
inforcement theory or the theory of traces or any other prepared psy- 
chological position to the problems of categorizing. We have not 
ignored the rich theoretical backgrounds of contemporary theory. 
Rather, we have come gradually to the conclusion that what is most 
needed in the analysis of categorizing phenomena—as represented by 
Studies of concept attainment, generalization, and abstraction—is an 
adequate analytic description of the actual behavior that goes on 
When a person learns how to use defining cues as a basis for grouping 
the events of his environment. With this objective in mind, we have 


ALC 


is monographic in in- 
- 4 


24 
SVS tam 


also made no attempt to give a syste! 
concept formation and gen eralization 

the recent appearance of reviews by 
(1955), Leeper (1951), and Humphrey 
from these excellent synoptic accounts 

to move in the direction of a more analytic ar 


CHAPTER 2 


icepts 


W... is it that one learns when one 


learns a “concept”? In the last chapter, we discussed the means 
whereby an individual learns to match his personal category to a cate- 
gory as it is officially or pragmatically defined and, in the course of 
this discussion, the question of validation of inference was also brought 
under examination. It is necessary now to consider in more detail 
what is involved in drawing an inference from a defining attribute to 
the class membership or identity of an object. What do we mean by 
attributes? What are the various forms of relationship between a 
defining attribute and a class; what are, if you will, the different ways 
in which a cue or a set of cues can signal the identity of an object? 
What makes some attributes important and others irrevelant from 
either a logical or a psychological point of view? It is with such 
problems as these that the present chapter is concerned. 


ATTRIBUTES AS SIGNALS 


In the preceding chapter much was made of the anticipatory nature 
of cognitive activity. We constantly “go beyond the information 
given.” We hear a familiar voice in the passage and call out “Hello, 
Bill.” We find signs of severe confabulation in a patient's thinking 
and classify him as a schizophrenic. We select certain attributes and 
use them as a basis for inference. What is an attribute? Boring 
(1942) puts the matter well, “A stone is shape, color, weight, and kind 
of Substance in complicated relation. When such descriptive ulti- 
Mates are general properties which can vary continuously or dis- 
“retely, when they are, in short, parameters, they may, if one chooses, 
be called attributes of the object described” (p. 19). In this sense, 
the “beauty” and the “throwability” of the stone are as much attributes 


25 


26 


as are its weight and size. An a | n DI ss is | 
feature of an event that is suscepti the PE 
from event to event. Indeed, if . ae BA Pe bee es 
not be discriminable in any case—'the fish will be the last tp Cises, 
water.” ' f the environment i ....; 
When some discriminable feature of a — — i sed : 
basis for “going beyond” by inference, it | 2 ; i bie —_ Wt 
such a discriminable feature is used as a means of inferring the «: 


terial attribito 4 
tity of something, we speak of it as a gee gibecs ea ter 
which much more will be said later. Let it be ¢ car ta 
“varying continuously or discretely” from event to event 
as a criterial attribute in this sense. — 

When we say that any attribute may ey, we imply a ny 
tribute represents a dimension along which one may specity values 
The attribute of color may be represented | 
blue, green, etc., and there are 
attributes, those that y 
simplest discrete attrib 
this type is very comm 
dead or alive, and in t 
young man is or is not 
Dean’s | 


i 


»y the values red, violet 

continuous gradations along it. Ota 
ary discretely, have no such continuity. = 
ute dimension is, of course. a binary one an 
on. A woman is married or not married, she 
he eyes of the law she is sane or not sane. 4 
a member of this college, 
ally in good st 
blems involve 


continuous variety and these 
* Moment, all that ne 


ed be conside 
tribute has more than a Single Value 
an object that exhibits 


one value ( 
of one equivalence cate 


’ h 
he is or is not on the 

liu 
Ries, ; standing, 
anding or not in good standin, 


c 


Yen : > of either 
d in utilizing attributes of eit 


sist, he is leg 
There are special pro 
the discrete or 


will concern us betimées 
‘ roe Y at- 
red is that so long as ana 
it can serve in a criterial status: 


& Positive value) may be a membet 


y - > . . . . 
sh ees ngs gory: an object exhibiting a second value (# 
; alue, e.g. the a sence of the f.. : 
VE f ; e firs : tong. 
Now it is also the case th; ee)  Lepellaa rs 


exemplars of a Category, FF, >. 


Of values may serve to define 
of the fruit Orange is color 
- > 
a range of colors from Orang 


> One of the defining attributes 

Se-yellow t} value of the attribute is 

oe . wc ; : 

many discriminable hues that are “g Ough red-orange. There are 

© ace E » 

is an orange “SE a “S signals that the 
: é is er ey 

S of things as lemons amare pos SCriminable from 

the range of Positive values of an attr Stapefruits The width of 

accept as a basis for categorization is termined “n individual will 

and no discussion of the nature of attributes --Y Several factors 
a ; ratty i Sl - 

without consideration of these, Snals j, complete 

The first of these factors is the Conditions und 
sis) : ‘ Pa er whj 

learned to utilize the attribute in discriminating exe the Person 
rs 

from non- 


, = 


On Attributes and C oncepts 97 


exemplars of a class. The problems involved here are the same as 
those involved in the formation of a so-called yeneralizatio; 
One of the training conditions is the nature of 4 discrimina 
tice given to the individual. Tak, 


dient. 


1 Were 


trained to discriminate oranges from nonora ges with all th instances 
of the fruit at a middle orange (as this is defined in our color nomen- 
clature) and with the nonexemplars varying all over the color con- 
tinuum, then the range of acceptable colors of < anges would be small. 
If learning were such that exemplars varied within a wide range from 


yellow-orange to orange-red, then the range w; se larger. These 
are fairly obvious matters at a common-sense level, although it would 
be helpful indeed if there were corroborative research available to 
check. All that can be said with any degree of assurance is that the 
range of positive defining values of an attribute used by a person in 
making inferences will reflect the range on which he obtained dis- 
crimination training. 

Two things are known, neither with elaboration, about the effects of 
learning to categorize with few as compared with many variations in 
the positive values of a defining attribute. The first is that it is more 
difficult to learn to categorize when such variations are present durin 
learning (e.g., Wolfle, 1936 and Grether and Wolfle, 1936). In the 
Grether and Wolfle study, for example, the speed of learning a bright- 
ness discrimination was greater for rats who were not exposed to 
variations in the brightness of the stimuli. The second finding, re- 
ported by Luborsky (1945), is that training with variation in the ex- 
emplars encountered leads to a broader range of values being ac- 
ceptable. Learning to identify a type of aircraft by exposure to five 
different training silhouettes leads to readier recognition of new sil- 
houettes of this type of plane than does training on but three kinds 
of silhouettes. This finding indeed suggests the range-broadening 
effect of variability in values during training. Wolfle (1936) suggests 
that for Purposes of training efficiency it is best to employ variation in 
values during categorization training. “The optimal range of varia- 
tion to employ during training is unknown, but well worth investigat- 
ing. Until experimental results provide information, it is probably 
safe to advise variation over a major portion—but not over the entire 
extent nor at every point within it—of the range within which gen- 
eralization is desired” (p. 1274). 

A second factoy is the number of categorial discriminations the in- 
vidual must make on the basis of variations in an attribute’s values. 
f, for example, the color continuum from yellow through red had to 
© used for making several categorial discriminations—distinguishing 
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of a signal, indicates that early in learning a broader generalization 
range prevails than later in the training (Beritoff, 1924), 
There are other factors besides learning conditions which affect the 
range of attribute values that an individual will regard as criterial of 
a given category. One of these seems to be something of a persono- 
logical order, An unpublished experiment by Bruner and Rodrigues 
in 1951 serves as an illustration. A Sroup of 40 subjects were set the 
task of adjusting the values of various attributes with the instruction 
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clature in different cultures knows the extraordinar: variability in the 
width of such color categories as “blue” an ‘reen.” For a more 
extended discussion of cultural factors, the reader may turn to the 
appendix. 

One cannot think long about the problem of acceptable attribute 
ranges without considering the important related problem of the 
nature of the transition in attribute values 4. me moves from ex- 
emplars to nonexemplars of a class. There are some c: tegories where 
the defining attributes as officially stated are ighly precise. Those 
who are eligible for being called for selective service must. in terms 
of the defining attribute of age, be at least 18 years of age, and the 
18th birthday is the sharp cutting point. But what is accepted as the 


The defining at- 


tribute of age in such a case is divided into positive and negative 


cutting point between “adolescent” and “adult”? 


values by a fuzzy band and the most appropriate answer we can give 
to the question “Is this 19-year-old an adolescent?” is “Maybe he is 
or maybe he isn't.” So too with the category of colors to be called 
“red” and the class of human beings called “good athletes”: the de- 
fining attributes that discriminate them from other categories have 
fuzzy transition zones. Lenneberg (1955) has suggested that one of 
the reasons children have such difficulty in learning to apply color 
names correctly lies in these transition zones. And Frenkel-Brunswik 
(1949) cites research indicating that the ethnocentric personality has 
difficulties in changing his categorization under conditions where at- 
tribute values are changing from a positive to a negative value grad- 
ually. The stimulus array was a series of pictures of a dog gradually 
changing into a cat. “The prejudiced group tended to hold on longer 
to the first object and to respond more slowly to the changing stimuli. 
There was greater reluctance to give up the original objec’ about 
which one had felt relatively certain and a tendency not to see what 
did not harmonize with the first set as well as shying away from tran- 
Sitional solutions” (p. 128). This is one aspect, of course, of what 
Frenkel-Brunswik calls “intolerance of ambiguity.” In Chapter 7 we 
shall have occasion to look again at the manner in which the objec- 
tives of one’s categorizing efforts affect the handling of fuzzy transi- 
tions in defining attributes. 

What needs saying in conclusion is, simply, that very little is known 
about the conditions that lead certain people to adopt relatively large 
or relatively small ranges of values indicative of the identity of ob- 
jects. What is abundantly clear to those who have scanned the 
Psychological literature for material relevant to the problem is that the 
Present literature on stimulus generalization and equivalence—the 


A Study of Th 
30 


i 


sii "thy 
natter - SulNCIent to Our pn 
t approaches to the og orizing req ung Gedy " 
oma ee ere tang ; by the ‘simple sa Te eh 
investiga adigms than that prov go Pl g . a 
e L 1 : . U1Ve] OSitive ata: 
orated par answer the qu po : tig 
dy which seeks to < ‘many other values wil] elicit the. 
ee f an attribute, how many ot ise a 
value o ency or amplitude: 
one se and with what frequenc’ I 
respon 


UTES 
DEFINING AND CRITERIAL ATTRIB 


ee Tee y ve f attri} 
in whic > signalling value of ; 
”ays in which the s g g 
There are two w ays i 


. f | 
. O 1S nN € e 


Statement gf | 
a legal code, by SCientify | 
egree of correlation betweey 
o) . we 
There is an official definition 
ion provides the defining dl: 
ed in the class. The official 


presence of high 
ute of the class of activity called “safe driv 
ing” may be whether oy ” under control. - 

alization” involves the matching 
ning attributes: the f 


ormer being the attributes : 
> the latter being the official defining 4 
tributes Specified Officially, 


e disagreement not pot 

iterja] attributes, but 3 a 
Case, a 

may accept “ the attribute, ~s ee the 

Speeds up to 59) miles per | ur 

may include xs 

again is the } 


range of value 


mi " Permissible. The a 
; os . . . 
ighway Police. Per hour. 65 cializing agen 
between 


at ; and Criterial attributes 
as a p> S to follo Or it permits 
Ent so ; ““vement: discovering 
i erja for reas May Serve with 
e attainm 8 jud i : 
a S about iden 
use the de ning tributes of is ie 
are specified } t 


> ex . e : n 


F e 
In the Makes the 


On Attributes and Concepts 


attaining veridical perception 
what is being presented in a tacl 
And indeed, if one looks at sci 
the same: to utilize defining attril 
rectness certain classes of cons: 
that a class of behavior known n as “extinct 
occur when certain antecedent att ? been present 
the withholding of “reinforcements.” a? 
adjust to the categories held by others or cn cified by 


ever an individual must make his cat soria) iminations conform 
to a pragmatic criterion as in discriminating edible trom nonedible 
mushrooms, it is necessary to make a distin: tion between defining and 


criterial attributes and to examine the d 
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ree to which the two con- 


A general definition of what is meant by a criterial attribute of a 
given concept or category is readily stated. Take the category of 
things called “apples” by some particular person. We are interested 
in those attributes that affect the probability of our person calling an 
object an apple. For simplicity’s sake we will give our person only 
visual access to the objects we will place before him. It is fairly 
likely that such things as color, size, texture, and shape will affect the 
likelihood of any object being called an apple. But the matter can 
be put more precisely than this. In so far as changes in the values 
of any particular attribute do not produce changes in the probability 
of the object being called an apple, we call that attribute noncriterial. 
Any attribute which when changed in value alters the likelihood of 
an object being categorized in a certain way is, therefore, a criterial 
attribute for the person doing the categorizing. Obviously the extent 
to which an attribute’s values affect the likelihood of categorization is 
* measure of its degree of criteriality. Conceive, for example, of an 
attribute with two values. When one value is present, an object ex- 
hibiting it is called “X” with a probability of 1.0; when the other 
value is present, the probability drops to 0.0. This is an oversimpli- 
fication, but it serves to illustrate what is meant by maximum criterial- 
ity. Zero criteriality is the case in which there is no difference in 
likelihood of categorization in the presence of the two attribute values. 

Much the same sort of thing can be said about the nature of a de- 

hing attribute, save for the fact that one is not concerned with the 
Categorizations of a particular person or of a sample of persons chosen 
Tandomly, Rather, the categorizing decision which interests us in this 
Case is that provided by “official” sources. The degree of definingness 
of an attribute can be stated as the extent to which a change in at- 
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of a “good family man” we will find that age : 6 vary in thej 
degree of definingness. Obviously the attribute goodness as a pro 
vider” will be consensually defining in terms of altering the likelihood 
of a man being included in the class. But in certain groups it wil 
very likely not affect consensual categorization as much as the at. 
tribute “marital fidelity.” So too with pragmatic consequence as a 
basis of definition. Take the earlier example of the mushroom. By 


careful sampling, we may find that a certain color range predicts with 
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for the categorization 
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oddness-evenness got to be a critical attribute 
of primeness is a concern of psychologists. 


THE DEFININGNESS OR VALIDITY OF ATTRIBUTES 
Tolman and Brunswik (1935) speak of the “causal texture of the 


environment’ to refer to the probability with which cues or signals 
point to their referents. A black door in a discrimination apparatus 
“leads to” food with a probability of 1.0, to take an example. Informa- 
tion theorists speak of causal texture as the redundancy of an input and 
speak of the transitional or contingent probability that characterizes 
the occurrence of two stimulus events ( e.g., Miller, 1953). It is this 
“causal texture” that must be learned and dealt with when a person 
masters a task of categorizing in which the identity of an object or 
event is inferred from some of its attributes. Since we shall be deeply 
involved later in examining the process by which people do indeed 
learn such relations, we must consider here the nature of “causal tex- 
ture.” 

Consider the relationships that can hold between a single two-value 
attribute exhibited by an array of instances and the class membership 
of the instances. For illustration, the attribute will be body tempera- 
ture, its two values being “normal” and “abnormal.” To what extent 
does abnormal body temperature indicate the presence of an infectious 
disease (and let us assume that there is a simple method of establishing 
whether or not an individual has an infectious disease). More prop- 
erly, we should ask to what extent does body temperature permit an 
inference of the presence or absence of an infectious disease. 

The simplest case is one that may be represented in a fourfold table 
as follows: 


Temperature 
Abnormal Normal 


Present | 50 0 
Disease Sa eee 
Absent | 0 | 50 


Assuming for a moment that the 50 cases with normal temperature 
“omprise an adequate sample of the population from which they are 
“awn and so too the 50 abnormal cases, then four simple inferences 
"Te possible: 


; When temperature is abnormal, disease will be present. 


* “hen temperature is normal, disease will be absent. 
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It is of course apparent that Nature rarel pioris suce Comorting 
certainties. More often, to use the phrase of Lord Keynes (192]) 
one must resolve “matters of opinion’ and it is for such resolutions that 


value or validity of both cues and labels is more frequently than not 
probabilistic. Consider a second possible arrangement of the relations 
between cues and referents, a “mixed case.” Again 50 cases of normal 
and 50 cases of abnormal temperature are studied. 


: te, 2 < ee 
the theory of probability has been constructed. For tl 
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Finally there is the case in which al] inf ences are suggestive and 


nothing is implied with certainty. 
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One cannot make inferences from temperature to disease with cer- 
tainty nor from disease to temperature with certainty. This is the 
“probabilistic case.” 

In sum, then, there are three forms of “causal” relationship between 
defining attributes and category membership, and in all of them it is 
possible to use either cues or labels as bases of inference: the cer- 
tainty, mixed, and probabilistic cases. The great psychological ques- 
tion is the learning or utilization of these relationships. 


DETERMINANTS OF ATTRIBUTE CRITERIALITY 


Criteriality, as we have said, is the extent to which an individual 
uses the different values of an attribute for inferring the identity of 
objects exhibiting these values. A moment’s reflection will make it 
clear that cues do not achieve criteriality simply on the basis of their 
goodness or validity for prediction. For example, if excellent course 
grades predict that a candidate will have a successful career in grad- 
uate school in 80% of cases encountered and not-excellent grades lead 
to a successful career only 40% of the time, we may nonetheless come 
to take this attribute as completely criterial and to depend on it in 
what we shall later call a “100:0” fashion. All students with excellent 
Stades are admitted and none are admitted who have grades other 
than excellent. In such a case, the criteriality of grades as an attribute 
is higher than their defining value or ecological validity. We had 

st reserve the question whether such behavior is “nonrational” until 
later chapters. The example makes clear that there are factors other 


than sheer validity or “definingness” that may lead to a cue becoming 


highly criterial in categorizing behavior. Consider now some of the 
eterminants of criteriality or degree of utilization. 


The first of these is, of course, the capacity of the organism, be it 
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But how great a reliance will be placed on a probabilistic CUe—hoy 
often it will be utilized for making a particular categorization— du 
termined by additional considerations to the goodness 
The most important and general of these is what we shall call the 
objectives of the person’s categorizing decision. These may be varied 
to save time, to be maximally correct, to conserve energy, 
the number of errors, to delay making 
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tively anechoic and noiseless laboratory ition as in the well-known 


experiments of Stevens (1934). 
Conservation of time and energy 
maximizing the general value of 
kinds of factors that may enter into deter 
person faced with a categorizing decision 


5 Maximum accuracy, and 
me are only a few of the 


ne 


y the objectives of a 


In the following chapter, 


more will be said about the role of objectiy Our aim here has 
been merely to introduce the matter as one of the factors influencing 
the degree to which a particular attribute will be utilized by an indi- 


vidual faced with a categorizing decision. 

Over and beyond the ecological validity of cues and the need for 
adjusting to the requirements of a categorizing situation, there are 
factors of structure and morphology that are likely to influence the 
degree to which an organism will utilize a cue in his reactions. At 
the simplest level, one finds examples of preference in cue utilization 
that are either innate or are developed so early in the organism’s life 
as to be indistinguishable from innate preferences. 

That cue-utilization preferences may be innate, particularly in lower 
organisms, is amply demonstrated in the brilliant observational studies 
of Tinbergen (1951), Lorenz (1952), and the “ethologists.” Lorenz’s 
observations on the strongly fixed preference of the Old World shrew 
for kinesthetic cues and on the virtual inability of this species to test or 
to utilize directional cues given by distance receptors in adapting to 
the environment serves as an illustration. The work of Krech, Rosenz- 
Weig, and Bennett (1955) on preference for kinesthetic or visual cues 
in maze learning is another example. E. D. Adrian (1947) has pro- 
posed that cortical specialization. for the integration of different sen- 
sory cues varies as a function of preferential use of cues in different 
species. Using a technique of electrical mapping of discharges in the 
Cortex subsequent to stimulating different receptors, he finds, for 
‘xample, that man has a relatively high proportion of cortical cells 
S'ven over to the integration of visual and auditory cues, that dogs 
Show a more marked specialization for dealing with olfactory cues, 
and at an even more specialized level the pig exhibits a remarkably 
Widespread electrical activity in the cortex following stimulation of 
tactile Teceptors on the snout. ; 
of 95 is ee evidence, of course, that nei pelea 
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ment in them: they had proved u id stable. So long as ducks 
showed the common morphology w simple behavioral sieae 
(mode of take-off, feeding, eu vere grouped together, Ipso 
facto such features had high criteriality and y ere the ones that would 
be tested in the eternal search for ne pecies. Most ornithologists 
of a generation ago would have scoffed at the suggestion that Pirttiar 
differentiation of species categories ¢ | be achieved by a close study 
of the courting, nesting, and young-care patterns of dice: Todae, 
under the impact of work by Lorenz (1952). Mayr (1955). shed others, 
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instinctive behavior patterns have achieved the status of “official” de- 
fining attributes. As a result, they also have achieved far greater 
criteriality in influencing the tentative categorizations of taxonomists 
in search of new species. For they turn out to have the systematic 
differentiating property that predisposes the orderly taxonomist in 
their favor. 

It is not only the orderly taxonomist who is predisposed to utilize 
attributes that have “systematic status.” Verisimilitude is a weak 
form of systematic status; the attribute that has “face validity” is one 
which fits in with our other knowledge. In the Brunswik and Reiter 
(1938) study, for example, height of brow is a highly criterial cue for 
judging intelligence. This is an attribute that “makes sense,” that fits 
with all we know or feel about the relevance of the brain to intel- 
ligence. Red hair as a sign of temperament, size as an indicator of 
strength—these are attributes which often acquire by virtue of veri- 
Similitude a criteriality over and beyond their ecological validity. 

To pursue the problem of why some stimulus properties rather than 
others are impressive and more preferred as bases of grouping the 
world would get one deep into the psychology of perception. As 
K¢hler (1947) has persuasively argued, we do well to begin with the 
visual world as we find it—a world of objects and things. Our pri- 
mary concern is not with what it is about an attribute which leads to 
its being more eindringlich than others but with the way in which 
such a property affects utilization of the attribute in categorial 
decisions. : 

Finally evidence is beginning to accumulate on one other factor that 
2€ars upon the preference for various attributes in categorizing. It 
1s the linguistic codability of attributes and the codability of distinc- 
tions among the values of an attribute. First as to the linguistic coda- 
ility of an attribute as such. There exists in commonly spoken Eng- 
‘S.No single term for describing the density of a tone as density has 
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4] 
utilization of cues for inference « in be e¢ nplete without some mention 
of this interesting and admitted), puzzlin ntrospective daha 
CATEGORY TYPES: CONJUNCTIVE, DisyuNCrive AND RELATIONS 

It is usually the case for one to in aentity or some other signifi- 
cate not from a single attribute ex) tad ly 


an instance but from 
several attributes taken togethe i Tha » {O Say, we do not attempt to 
te mperature, but from a whole 
got of clinical signs taken in combin ition The question of how at- 
g inferences now concerns us. 
The principal distinction we wish to make js between conjunctive, dis- 
junetive, and relational concepts, each involving ; 


infer illness only from abnormal] hod, 


tributes or cues are combined for makin 


a different mode of 
combining attributes, 


To render more concrete the description of types of categories, we 


refer to the array of instances contained in Figure 1. Each instance 
is made up of figures and borders. The figures vary in shape (square, 
circle, or cross), in color (red. green, or black), and in number (single, 
double, or triple). The borders vary in number (one, two, or three), 
Thus, the instances comprise the combinations of four attributes, each 
with three values, Each instance in the array exhibits one value of 
each of the four attributes. We may speak of a “category” of instances 
or a concept in terms of the defining properties of some subset of the 
instances, For example, “all cards with one red figure” is a concept, 
80 too “all cards with two figures and/or with circles,” so too “all cards 
Possessing the same number of figures and borders.” The three ex- 
amples turn out to be drastically different kinds of concepts, and we 
turn now to a consideration of their difference. 

A conjunctive category is one defined by the joint presence of the 
‘ppropriate value of several attributes. A typical conjunctive category 
in the universe of Migure 1 may be defined by the conjunction of three 
figures, redness, and circles, i.e., all cards containing three red circles. 
Three exemplars of this category are to be found in the figure. All 
others fail to qualify. Most experiments on concept attainment deal 
With such conjunctive categories, and procedures such as the Vigotsky 
Test and the Wisconsin Card Sorting Test are based on them as well. 
_ The disjunctive category may be illustrated by that class of cards in 
Figure 1 that possess three red circles, or any constituent thereof: three 
‘bures, red figures, circles, three red figures, red circles, or three 


* The closest analogue we can find in the literature on the subjective analysis 
of attention and “clarity” is the concept of derived primary attention proposed 
o Titchener (1915) to account for the increased subjective prominence or 
attensity” of objects to which we have learned to attend habitually. 


=e 
a 
— 
o 
> 
3S 
3 
™ 
7 
x 


exrergey 


fae Z] 


oe 


sophie Fos — 
ary 


l| ) 
jece)| 
ff =| {r = —S= 


Tih 
iL 


[eee] 
H Ill 


sel we 
r2> ‘eae IQraqye ar 


ur soanSyg podiuys “‘user18 WI Gaze soan 
jo suc ee pane aoe S90UB {SUI — Aeure uy 
[ I =—————S=-S sg = — 1 i 
| |i 1 i= 
ie+#} [O00) [509] [esa 
== aren ~ I 
A ——) i 


“IT omer lq 


oo 


OOO Nee a ee. 


On Attributes and Concepts 


circles, The class comprises 57 


ganization with a membership r¢ 
-] 


in or paying taxes in Altavista 


omplifies a disjunctive category, 


A strike is a pitch that is across 4) 


knees and shoulders or it is an, 


fails to send the ball into the fe 


when four balls have been pitched o7 


batter, 


The difficulty with disjunctive 
lack of any apparent relation between these 
This fee 
source of resistance to the categories used by cl 


stitute for one another. 


concept such as “stable personality” or ‘ 
be defined disjunctively, with sometimes o 


cue and sometimes others. 


43 


Or Civic or- 

urement Such as “Anyone residing 
all be eligible for membership” ex- 
aseball is also disjunctive, 

1€ plate and between the batter’s 


Any fraterna] 


Ke in | 


pitch at which the batter strikes but 


it 


imiularly, a “walk” occurs either 
hen a rn; ; 
when a pitched bal] strikes the 


concepts is their arbitrariness; the 
attributes which can sub- 
arbitrariness may be one 
inical psychologists, A 
‘serious disturbance” can only 
ne set of signs serving as the 


1a 
¢ 
1: 


ling of 


Hammond (1955) and Todd (1954) have 


commented on the role of such vicarious functioning of cues in clinica] 


judgment, 


The relational concept or category is one defined by a specifiable 


relationship between defining attributes. 


Thus in the universe of Fig- 


ure I, we may define as a class all those instances containing the same 
number of figures and borders, or those cards with fewer figures than 


borders, 


Income tax brackets (after deduction), each specifiable as 


a class, are defined in terms of the relationship between number of de- 


pendents and level of income. 


“Effective stimulus” is defined in Ppsy- 


chology as an energy change at a receptor surface capable of discharg- 
ing the receptor: a relationship between two states. 

It is sometimes possible to describe the same grouping or class of 
instances in terms of two different combinations of attributes. One 
Way of combining attributes may prove to be equivalent to another in 


terms of the 
turn out that one 
®quivalent to another. 


groupings that result by use or application, ice., it may 
rule for combining attributes may prove to be 
Such cases are of interest, particularly in the 


Sciences where they are capable of generating theoretical controversy of 
the kind that produces more heat than light. . . 
An arbitrary array of 16 instances helps to provide an illustration. 
© array is made up of a set of cards (they are cards used in one 
ments which will be considered later), Each card has on it a sma 
Sure and a large figure. The small figure may either be a triangle or 
. rectangle, and whichever it is, it can also be black or yellow. So too 
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Each card exhibits 
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PROBLEMS IN HANDLING MULTIPLE-SIGNAL ATTRIBUTES 


WiNAL, 


In preceding pages we have dealt with a variety of the properties 
of attributes and attribute combinations that affect the manner in 
which they may be used as a basis for inferring the categorial identity 
of things. The defining and criterial status of attributes. their im 
mediacy and proneness to masking, their linguistic codability, the na- 
ture of their ranges and transition values, and finally the manner in 
which they may be combined: all of these have concerned us in turn. 
We come now to the problem of the number of attributes that are 
exhibited by an array of instances to be categorized and the number 
of attribute values that are actually used by an individual in dis- 
criminating one class of objects from another. 

The number of criterial attributes affecting categorization makes a 
difference in two ways. ‘The first is with respect to learning a cate- 
gory, and the second is in utilizing the category after it has been 
learned. The former problem must be postponed for a moment be- 
Cause it involves other considerations shortly to be introduced. The 
latter is a matter of immediate concern. If there are a dozen criterial 
attributes affecting one’s categorization of a class of objects, the proc- 
ess of scanning the values of each attribute prior to reaching an in- 
ferential decision about the identity of the object would be both a 
Strain and time-consuming regardless of how the attributes were com- 
bined in terms of a concept type. In the ordinary behavior of a per- 
Son, there js likely to be a tendency toward the reduction of such 
strain Since time pressures usually are operative. Under pressure of 
time or under conditions of stress, the individual will not “attend to 
or take into consideration all of the attributes that might be consid- 
*red under more leisurely conditions. 
There appear to be two principal ways in which the strain of weigh- 
ing Many attributes can be reduced. One is by reduction in the num- 
sane buts considered; the other by a process of combining or 

§ attributes into attribute configurations. 
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The extent to which attribute reduction occurs under different con- 
ditions reflects various requirements placed on the individual ., the 
categorizing situation. For example, if the consequence of miscate- 
Sorization are severe, it seems likely that attribute reduction will not 
be very marked as long as error can be reduced by taking into ac- 
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possible because in fact the doef a 


obiect j 
events are redundant with respe, A bir fae wifes 
and bill and feathers and ¢} he whol. — 
semble of features is not necx : 
tion of the creature as a bi; the bill 
and legs are highly predictab] zine the ox 
vironment, one builds up an ex} heine 
present together. It is this unj bit 
tional or Gestalt property of “bi iguration 
has been established and th, terms of 
configurational attributes, the perce or “nor- 
malize” any of the Original defining attribut. deviate from ex- 
pectancy. Missing attributes are “filled jn Bruner and Minturn, 
1955), reversals righted (Postman. B uner, and Walk. 195] ), colors 
assimilated to expectancy (Bruner, Postman and Rodrigues, 1951). 
When the conception is well enough established. it tak ; on the prop- 
erty of being able to serve as a discriminable and seemingly irreduci- 


ble attribute of its own. One can array things in the degree of their 
birdlikeness in much the same way as one can 


array | ngths, a pre- 
sumably less complex attribute. The 


tachistoscopic recognition of 
words provides an interesting case in point. At first one attempts to 
perceive words in terms of their letters, but with practice one is able 
to perceive them as wholes, reconstructing the letters by virtue of 
having learned the redundancy of the features that make up the 
word. Attneave (1954) has proposed an ingenious way in which one 
may analyze simple visual figures in terms of the redundancy con- 
tained in their pattern and his basic reasoning is much the same as in 
the example of word perception. 

It is probably in this way that many “good Gestalten” are estab- 
lished, Gestalten which were anything but good at the outset. The 
point is one grievously overlooked in much of the writing of Gestalt 
theorists, but this is not our concern here. What is important to note 
ere is that such establishment of configurational attributes provides 
One of the chief techniques of reducing the strain of attribute scan- 
ning in the utilization of categories. * 

Now the question of learning a concept and the effect of the num- 

er of attributes on it. In later chapters, several studies will be re- 
Ported dealing with the question of the number of defining attributes 
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defining attributes is a noisy attribute. North and Leedy’s experi- 
ment (1952) is an excellent example of the way in which noisy at- 
ae enountered early In concept ; (tainment can have just this 
delaying effect. 
The extent to which the number of 

tributes in an array of instances affects 
will of course depend upon the nature of the 
It can readily be seen that conjunctive, di 
cepts—since they require different method« OF bats 
values of defining attributes—wil 


ll generate 


able and varying at- 
t Concept attainment 
concept to be attained. 
Junctive, and relational con- 
. ining the Positive 
different requirements for 
scanning. Given an array of instances exhibiting six attributes each 
with five discriminable values, the number of combinations to be 
tested if one is looking for a con junctive concept will be different from 
the number if one is operating on the hunch that the concept is re- 
lational. These are matters that will be discussed in considerable 


detail in later chapters when we deal with strategies for attaining 


concepts. We mention the problem here to alert the reader to one 
of the massively important consequences ensuing when one gen- 
eralizes from a simple to a complicated universe of instances that 
must be tested for their possible grouping into conceptual classes. 


We turn now to an examin 


ation of the problems involved in the 
Process of attaining a concept. 


CHAPTER ¢} 


The process 


of concept attainmen 


I, is curiously difficult to recapture es 
Having learned a new language, it is oa 
undifferentiated flow of voiced sounds be 
one heard before one learned to sort the flow into words and sage 
Having mastered the distinction between odd and even numbers, i 
is a feat to temember what it was like in a mental world where there 
- In short, the attainment of a concept has 

uantal character. It is as if the mastery of 
a conceptual distinct; mask the preconceptual memory 
Teover, the transition experience 
n and “having it” seems to be 
and Sensory stuff the act of ae se ae iy so 
unanschaulich oy impalpal . eee” he 1 ptual distinction nee 
inyestinate.. Palpable, to use the lan uage of the Wurzburg 
Investigators, at least "nverbalizable. It is : g src 
Process and often ; "patie im you will, eae ‘. 
ence” singles out thi denness as doe Psychologist’ aha ete! 
recognition,” appens gu; e literary man’s “shock 0 
found somethin, quick] and one thinks one has 


ey able process experientia] almost an intrinsically 
understand the efore there ~ a Of view: “Now | 
illumination » ot Mg, and in between 
Cause of the in 
of 

ave produced su. ‘©Portable ience 

“ i u h ative €xperienc 
ey have soy Stigate » SParse yield of 
and the thought processes by techni ues of oy Con 
ysis. To say, as Graham Wal 
thinking or invention is diy 


50 


conceptual innocence. 
impossible to recall the 


guished. Mo 


ing” the distinctio 
without €xperientia] content, 


See 


Sept atta; t 
ph eno ainmen 
las (1926) did a gene °8ical anal- 
ided in Bes of « = 8g0, that 

Pre ration,” 


4\. 


to the fou, sta 


Sree 
Attain 


The Process of Concept . re : 
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The remainder of this volume is in large measure given over to the 
study of how people come to gras} ‘eptual or categorial distinc- 


tions. One may state these guiding questions. How do pe 
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achieve the information necessary for isolating and learning a 
cept? How do they retain the information gained from encounters 
with possibly relevant events so that r E 

retained information transformed so that it may be rendered useful 
for testing an hypothesis still unborn at the moment of first encounter- 
ing new information? People do manage these vastly complex tasks 
of achieving, retaining, and transforming information and they do so 


ful later? How is 


without exceeding the relatively narrow limits of human cognitive 
capacity. They do it in a manner that reflects with nicety the re- 
quirements of speed, accuracy, and the like that are imposed upon 
them by circumstances. We look about us and we see people con- 
stantly engaged in picking up and using information that enables 
them to make conceptual distinctions on the basis of appropriate de- 
fining attributes, doing it in such a way that they seem neither over- 
whelmed by the complexity of the task nor much endangered by 
maladaptive slowness or by reckless speed. People learn to dis- 
tinguish conceptually between daylight color film and indoor color 
film, between different cuts of meat, between fresh vegetables and 
Stale ones, between policemen and subway guards, between deter- 
gents and soap flakes, between honest and crooked politicians, be- 
tween bashful children and less timid ones, between a flow of traffic 
that permits crossing the street safely and a flow that one should not 
tisk. How may one go about analyzing the learning process that 
leads to such rational behavior? 


THE INVESTIGATION OF CONCEPT ATTAINMENT 


; It is more than a casual truism of the operational behaviorist that 
2 order to Study a psychological process one must externalize it for 
. Servation. Concept attainment is not an exception. How get it 
“xternalized into observable behavior? Verbal report, as we have 


ve Provides insufficient data for making generalizations about it. 
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is meeting is influential or not, perhaps on the basis of attributes tha 
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is no limit of ane us his lean ee chy Suppose that his tutor- 
friend were only going to be in town for . few days and in that time 
he had to learn to recognize examy of th category “influential 
neople” in order to raphy Out is "> ousiness. To what extent 
would this influence his approach to } rning? 

We must also ask a question about , ord-keeping How does the 
person keep track? Each instance he encounters exhibits Many at- 
tributes, and our man notes the \ alue of some of these and not others 
upon encountering exemplars and nonex, mplars of the class “influen- 


tial people”: that more of the “influentials” were rich than Poor, but 
not that more of them were tal] rather than short. He may also want 
to keep track of the fate of those tentative hypotheses that were 
checked and found wanting on subsequent encounters. Is the 
record-keeping (whether in his head or in a ledger) of such a kind 
that it ensures the ready utilization of information encountered? 
Finally, how does the person know when he has learned the concept 
in a serviceable way? This is a deceptively simple question. The 
first thing that may come to mind is that the person knows he has 
learned the concept when he feels he js able to predict the status of 
new instances with a sufficiently high degree of certainty. But what 
is a “sufficiently high degree of certainty” when a person is working 
with a probabilistic concept where cues do not yield complete pre- 
diction of identity? We will find that some people will continue to 
explore obvious attributes and abstract not obvious ones to explore 
80 long as they are not able to categorize perfectly. Others will stabi- 
ize in their behavior and will base their categorizations exclusively on 
Partially predictive cues without any further effort to try out new, 
Possibly relevant attributes. Even when a subject is working with a 
simple conjunctive concept whose defining attributes predict perfectly 
: € Status of all instances encountered, he may not be sure that he 
as” the Concept even though he is performing perfectly. He will go 
*? testing new instances, “just to be sure.” We do not mean to 
S°scure what may seem to be a simple matter, but in fact it is very 
a to describe what it is that leads a subject to state that he has 
farned the concept. For simplicity’s sake, it is often better to 
se the question and to ask instead whether the attributes that 
, erial for the subject in his categorizing judgment are also the 
utes that are defining of the concept. Let it be clear, however, 
before the People require many more encounters beyond this Lae 
tainty be a fee] any degree of certainty; others reach the stage of cer- 
The fe their behavior meets this criterion. : 
and most notable thing about the sequence of events se 


5-4 


forth is that it can be 
outset, even before 

instance, he must make a de 
he try to learn the concept “ 
on remembering in rote fashior 


CONcens 
a smal 2 Wera, | 
sn aa aoe! oe WET and whi | 
people were not “influentia]”? [here are 


beople he met 


| an rc? It 

re then decisions to be ma | 

z — if pins nt Pie, ade | 

important ones from the point of view , CY; aS to whi 
tributes and how many attributes he 


should attend to in attempting 
e . y din & W 
find out how to spot an influential person without h 


I AVINg to ask hi 
friend or going through the difficult business of observing the 
of influence in the community. And should 
Prove wrong, his next decision is how to cl 
hypothesis is correct on one e€ncounte 
The decisions, moreover, are 
he foresees and he must also 
seem reasonable. 


~ 


| 
1 at | 


CXEr cise 
a tentative hypothe 
lange it. Indeed, if hj 


Consequences 
out what consequences 
Ps involved in attaining « 
es of which affect the ce. 


t li > , it has been our aim to et 
€rnalize for observat; as many of the decisions 
Open in 


the hope th 


as could possibly be 
at regularities in these decision 
inferences about the processes it- 
These regularities in de 
“making” is not meant in a meta 
tai a» and utilization of ; patter. “3 of decisions in the me 

se objectives i.e., O insure . ormation that serves to meet cet 
*gainst certa; certaj 


N forms of Outcome and to insure 


© objectives of a strategy are the 


S ill b P 
: S wi © att sa 
© insure th With re] Vant j 4Ined after the minimum num- 
ata Concept i nstances 
© nutmbe . <pt wil] 


“di: v of j attain F 
me We inimize he amount e! One must a Ni certainty, regardless 
d. To Mm the sa ime Yai nin erence. route to attainment. 
5 mize t n a fi 
a conosae he number of en, oncept ae veut 
©Sorizat;,, ‘1 be attained. 
Other objectives can be gt °S Prior to attaining 
Oo s ated 
f the book. hese uffice to 4] an e 
tives of a strategy © illustrate 


a Ss in lat. ° 
Is j €r sections 
ntendeg by the objec- 


a 2 Ad frits , 
The Process of Concept Attain 55 
a 
loes not refer to a cons ind utilizing j 

here does ana utLIZInNg in- 
ry . 1] <tiO ’ * : . 
formation Che question not conscious of 
his strategy, while interesti irre] nt te 
{ 


Rather, a strategy is inferre 


Our inquiry. 
i : 


] oe ~ - 
decisions one ob- 


sorves 1n a problem solver s¢ W hat inst ances 
Vi y £icit LLLOCC +O) wre) 
ee, | x 

1oes he seek to test, what hy] truct, | v does I 
does uct, how does he 
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proceeds in analyzing a strategy can be described here in general 
terms; the specifics require the ty pe of concrete analysis of behavior 
with which the four following chapters are concerned. Essentially, 
what is required is that one construct an ideal] strategy or a set of 


ideal strategies that have the formal properties necessary to meet cer- 


i 


tain demands or objectives with “maximum rationality.” Such ideal 
strategies can be stated in quite strict logical terms. For any given 
concept-attainment task, for example, there is an ideal strategy that 
can be constructed having the property that by following it one can 
attain a concept with a minimum number of encounters—but without 
regard to the cognitive strain involved. There are other ideal strate- 
gies having the property of minimizing cognitive strain, but they often 
are wasteful of the number of instances one must encounter en route 
to solution. And, indeed, there are also ideal compromise strategies 
that serve both the purposes of cognitive economy and rapid solution. 
To put the matter perhaps too simply, the analysis of performance 
strategy consists in comparing the actual performance of a subject 
With a set of rational or ideal strategies and determining a best fit. 
We ask then which ideal strategy does the subject’s performance con- 
form to most closely. 

Obviously, strategies as employed by people are not fixed things. 
They alter with the nature of the concept being sought, with the kinds 
of pressures that exist in the situation, with the consequences of be- 
havior, ete. And this is of the essence. For what is most creative 
about concept-attainment behavior is that the patterning of decisions 
does indeed reflect the demands of the situations in which the person 

nds himself, We do not know how strategies are learned, and the 
patter does not concern us for the present. Presumably they are 
og _ What" is learned, however, is not of the order of a set of 

Tesponses. For the systematic behavior of subjects attaining 
cepts is a highly patterned, skilled performance. If contemporary 
ra of learning are to deal with such performances, it is seat vers 
whats of analysis now called the “response will ave to : 
“ed considerably to encompass the long, contingent sequenc 
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In the appendix, \ioger Brown proposes that one of the functions of 

words is to alert people to the possibilities of conc ept attainment. We 
say tO A Class Of students jn biological chemistry “Consider now the 
substance histamine.” The function of such a word is to suggest that 
4 concept is about to be presented and that one must be alert to the 
possible defining attributes in terms of which its exemplars can be 
differentiated from other things in the world. It may well be, as Gold- 
stein (1940) has so vigorously and persuasively suggested, that people 
are differentially set to handle the events they encounter, some seek- 
ing Constantly to form conceptual groupings, others to deal with 
“vents concretely in terms of simple identity categories, “This thing in 
all its “ppearances,” rather than “This thing as a member of the class 
OF things alpha.” There are many deep and unsolved problems sur- 
Nounding the question of what it is that alerts people to conceptualiz- 
Mg activity, and it is clear that the full picture of concept-attainment 
behavior will not emerge until these problems are solved. 

A second question concerning the definition of the task is the per- 
“NS expectancies concerning the nature of the concept with which he 
Must deal, In Chapter 6, it will be abundantly clear that people = 
SU culture dislike and do not have much skill in dealing with dis- 
a rt lf events ine bythe presen of es 
hunetion Z ues of one attribute or anot ‘ r ead that, when the 
nature se : Ome of our own studies have inc - listeate will tend to 
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shat is different Bed perhap; re < vere than what usually pre. 
yails in more seca eye bie | rae effect may be to lead 
the subject to play safe mm MUS Choice of hyp theses oy in the instances 
he chooses for testing. One Ll factor, however, may 


make such a hedgehog strategy tractive. For the subject in 
approaching a task also may operat he a sumption that the ex 
erimenter would not have chosen ay sy task for testing hic abilities 
So one often finds subjects trying Complica ed approaches to a prob- 


7 have « a: ham bh ‘ disse 
lem when easy ones would have sery, “em Detter, and admitting it 


sheepishly after they discover that the task was Simpler than they 
thought. We cannot settle this vexing problem here. but wish only 


to point it out as a ubiquitous and important factor in determining the 
behavior of subjects in €xperiments on the thought processes, 

One last point about the subject’s definition of the task: his expecta- 
tions about what constitutes successful solution or successfy] progress 
in a problem-solving task. Simmel (1953) reports that one of the 
subjects in her problem-solving experiment asked to be allowed to 
keep going after he had attained solution on the grounds that his solu- 
tion was “Inelegant.” At the other extreme, Smedslund ( 1955) tells of 
one of his subjects in a multiple-cue probability experiment who was 
doing badly and showing no improvement. When queried, he replied 
that his “system” was quite satisfactory and that he was “performing 
4s well as one could possibly do under the given circumstances, and 
that he was not responsible for his failures because they were unavoid- 
able” (p. 39). The two contrasting cases illustrate nicely the extent 
to which the objectives of the systematic behavior adopted by a sub- 
ject will differ as a function of how he defines his task. In one case, 

© subject wants an “elegant solution,” in the other he wants to do 
only somewhat better than chance. What is interesting about these 
evels of aspiration is that they determine in considerable measure 
When the Person will cease trying, where he will stabilize and end the 
mrainful Process of searching out relevant attributes and relations. 

US all the factors that have to do with the setting of the level of 
“Pitation— situational and personological alike—will in some oe 
i ct the definition of a task and in so doing affect the objectives that 
8° into the forming of a behavior strategy. di 

Ne other feature of “aspiration level” is the depth of understan me 

at the Subject seeks to achieve in his solution. We rt: Za "a 
The = behaviorally and “knowing’ it at i io plactmaial 
Come F of mathematics is rife with examples Of p fa eeiieaneiliad 

UP with Correct solutions before ever they were a 
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will be the number of hypotheses to be ent. rtained, This is the first 
constraining factor mposed on 2 9ODIEMN-SOlving DY the nature of in- 


stances encountered. 
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Here we may foreshadow the next Chapter and note that one of the 
principal differences between various strategies is the rate with which 
they eliminate alternative hypotheses about whic h 


relevant for identifying exemplars of a conc ept. Moreover, the larger 


the number of attributes being considered, and therefore the ] 


attribute values are 


arger 
the number of alternative hypotheses to be eliminated, the greater 
will be the necessity for adopting m “quic k elimination” strategy if time 
is short or if the number of encounters permitted is limited by their 
costliness, Jn sum, the number or richness of the attributes to , 
dealt with almost inevitably introduces a factor to be dealt with in 
attaining concepts, 
The nature of the instances that one must bring under conceptual 
srouping may also vary in terms of the kinds of attributes they 
exhibit; their immediacy, their familiarity, their status as good 
*Ystematic differentia, and their value in past conceptualizing. We 
f ample, that our hypothetical foreigner in search of 
a defining attributes of “influence” would adopt certain “reasonable 
® as good places for starting his search. This is indeed a 
Procedure, although we shall see in the following chapter 
Sense : toad to failure in concept attainment is often nore i 
verisimilitude created by past experience. These ma er 
ady been discussed and all that need be said at this point is 
make a systematic difference to be considered empirically 
apters, 
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1 “ 
CONCiusion 


less readily and to subsequent 


S less irequently, 
than when they were learning from positive instances alone,” (p, 588° 
This finding suggests that negative instances play some role, a to be 
ascertained, in determining the feeli; g of confidence that leads the 
subject to believe he has attained the concept. 

Are encounters with instances orderly or haphazard? Consider 
the matter in terms of our useful hypothetical foreigner. Suppose 


his friend had introduced him to residents of the 
prearranged order somewhat as follows. He begins by meeting 
people who are rich, over 50, and Protestant, and who differ only in 
terms of aggressiveness. He then moves on to people who are rich, 
over 50, Catholic, and again only differing in aggressiveness, etc., until 
he has had a chance to sample each attribute systematically and see its 
relationship to influence in the community. A properly conscientious 
guide, if he were of an orderly turn of mind, would doubtless do 
something like this in educating his friend. If he did, he would 
find that his pupil arrived far more easily at the correct solution. 
For the patterns of solution that people adopt in attempting to attain 
©oncepts reflect very sensitively. the order inherent in the instances 
€y meet. Where order is systematic, the objective of minimizing 
| Soy strain. becomes notably less, and with a reduction of strain, 
hew modes of attack begin to appear. 

© question of the orderliness of encounter and the effort to 
°€ cognitive strain brings us to a more general problem, one that 
as to do with methods of reducing disorder and confusion used by a 
UDject in attaining or utilizing concepts. The reader will WEL ee 
“come aware of the importance of what we will later call a focus”: 
exemplar of a concept that the problem-solver uses as a reference 
Pa pied-d-terre, Virtually all the effective secre ees 
Recall Hg 3 Stead oe ne oe ao eae numbers from 
other aot ay georts op Jearning te ie ‘6 umber 3 as your 
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The use of such foci in concept attainment. “usually 
although not universally so—represents one of the 
simple ways of reducing strain on memor 
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certain circumstances the attainin 
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ae +17 h Valataat’ P ' 
s Often they DECOMe i lg nh OnVentinnal:. 
attainment. Par the difar. 4 alized, “as, for 
é » the images Of the different types of levers q , 
example, ; >a * “evers described by 
" t:nedes which are represented by jd, alized) fulndu 1 ) 
Archimee™ ES Eee ~ ~4icra, levers, and 
-chts, The usual isosceles right-an dathee a 
weights. “at one thinks of 


“oe P ad trianc!.” 
", the class right-angled tri: 


whe ©d 1s another case in 


int. It is highly doubtful whether the aye; age right-angled triangle 
we see is indeed marked by two €qual sides around the tight angle, 
The function of the generic instance beyond its use as an ordering 
or simplifying device is obscure, but it mav well be that it is aed ae 
a search model in problem-solving behavior when a subject is con- 


10r 
sidering what classes of things would be relevant to fill a gap in an 
unsolved problem. 

Another feature of the sequence of instances encountered now 
needs consideration. There is a specifiable point in any sequential 
aay of information that, formally speaking, can be regarded as 
‘informationally sufficient.” One can illustrate this by reference to 
the amount of information necessary for deciding whether A is equal 
to, greater than, or smaller than C. The informationally sufficient 
array of information is 


A>B 
B>C 


and any further data or any repetitions of these data would be 
tedundant. The mystery story writer, Ellery Queen, uses the same 
technique when he informs the reader that at a certain point all the 
"ues necessary are available if the reader wishes to solve the mystery. 
ne can specify the minimum array of instances necessary in order 
r our hypothetical foreigner to solve the problem of who is influ- 
a But however convincing this may sound as a logical matter, 
'S grossly misleading from a psychological point of view. Redun- 
ncy thus defined has very little to do with psychological redundancy. 
lhe Point of psychological informational sufficiency depends upon 
‘trategy of information utilization a person has adopted, and aie 
ii Se and rate at which he is using the information aii 
tPetime, he is encountering. Since more than a few Be ee ee 
thibut nts on Concept attainment utilizing instances ape 1 
Psych es have failed to take into account either the orma. h 
“Rolo ical po; . . . the matter is wort 
Noting « : Point of informational sufficiency, ss iaeeotelealiee 
"Sificient ee For the way in which people wi Pe order as 
theiy be information js provided them is not of the sa eee 
them, “vior when a sufficient series of instances has been pe 
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Will be seen in the following chapter. 
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control either of chance fact rs Ol me external agence 
difference can be caricatured a: im that which seni 
clinician and the experimentalist IS Sa "that each is int 
in finding out what areas of the brai 1 mediate (ie, are 
attributes of) intact pattern vision. The perimentalist gpg. system 
atically about the task of extirpating now this area, Now that, all jp 
manner dictated by the canons of efficient experimental design unt 


he arrives at the point where he is ready to publish his Paper, The 
clinician gets his cases as they come, testing for pattern vision and 
for brain damage. In Principle (and if the clinician were patient 
enough and orderly enough to keep his records elegantly) there 
is no difference in the Situations of the two men, But in fact, the 
difference in behavior js striking. It is not simply that the experi- 
mentalist has “cleaner data.” When the data are, so to speak, “cleaned 
up” (as they are in Chapters 4 and ©), the difference in the kinds of 


decisions each eee ake is even more apparent. It is a matter 
Worthy of Scrutiny, and it wil] rec 


eive that in the appropriate place. 
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the conduct of scientific research, 


Has control over the ins nees being scrutinized 
ist depend on a random intak as the clinician must, what is the 
al way of ordering one’s contact with instances so that one can 

test them for defining attributes? vy ven a neuroanatomist, using 
techniques of electrophysiology. attemy] 


g pts to collate the data on 
localization in order to map those brain areas associated with dif- 
ferent behavioral processes, how shall he proceed? One neurologist, 
“rl Pribram (1953 » proposes that one pay attention only to “positive 
instances,” reported instances where a given area has been found to 
be related to the presence of a particular kind of behavior—related 
vt by the evidence of extirpation or the evidence of electrophysi- 
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Bal activity. Is this the best procedure? The evidence to be 
Presented in later chapters indicates that it may not always be so. 
The Nature of Validation. We have already had occasion » 
Chapter 1 to €xamine the various sources of validation of one’s 
“tegorizations: by reference to a pragmatic criterion, by “official or 
Consensya] validation, by consistency, etc. Now we must introduce 
the question of Opportunity for validation in the course of attaining 
4 concept: the frequency of validation, how soon it occurs after a 
tentative Categorization has been made, the ambiguity of validation 
(since it is not always clear whether we are “right” or “wrong”), and 
the extent to which the validation is direct or indirect. 
Usually in Psychological experiments we give subjects (be Z > 
anita] or human ) full knowledge of results. In a typical discrimina- 
— learning ©xperiment, an animal must learn to make a eatin 
“AWeen, Say, black doors and white doors in terms of the sabe a 
ae of whether they are in the class “go-throughable ene 
ne * If the Correction method is used, the animal learns ee Ne 
de rtect and may also have an opportunity for checking the te § 
"t if he a i Where noncorrection procedures 
PPens to try it first. snstancetar 
w the animal at least gets a chance to test ii oe experi- 
tents ca negative status. So too in gre tiie - ie his 
 “2€ subject is shown an instance, may be aske & 
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best guess about its category 
c ) and 
by a label of some sort), ai rd : bel 
lals is validation withdrawn. To te +. a) 
the test trials is validation y ineitiac st natal COn 
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— f the black and white one 
dark gray door, in place of the black a > On . 
thethar 1€ anima : ae 2 ] _ 
are left unlatched to see whether the nase al has le ined the Telationg 
concept of going to the darker (or the lighter) door. In concen, 
attainment experiments, the same procedure is followed. 
other than those used in the original] learning are introd 
these the subject must label without benefit of feedback from the } 
experimenter who now changes his role from tutor to that of teste 
Much the same type of procedure prevails when the young child is 
being taught to distinguish the conceptual entities of fib 
At first, the word “cat” is uttered each time the child is —— : 
7 ° s S ske 
this animal. Then there is 4 stage at which the child < - 
. . 2 , a . n 
name it and if he jis Correct we validate by os Dates i na 
Eventually, the child comes to operate on us . 4 
an external source is given only on an intermitten ‘ ; 
are many cases in everyday life where the — 
validation js neither so regular, so benign, nor so well ‘i 
&gling attainer of Concepts. Validation may be a a 
3 it may be greatly delayed and 7 
G, it is often indirect and ambiguous as well. The a a 
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syailable, subjects will turn to ‘’ 4 sroup consensus as a basis for 
validation, even though z subject may be utilizing better bases 
os categorization - as be found in the consensus, In the Asch 
experiment, for examp Bit e a ot Hi isked to categorize the length 
of lines in terms of their height. _ Given no validation by the experi- 
menter and given the fact that the group of which he is a wienmber 
consists of “stooges who are all primed to call out the wrong categoriz- 
ing answer, the beleaguered subject soon comes to adopt the group 


norm as the basis of validation and b. gins to change his own pattern 
of calls. To be sure, Asch notes that few subjects were tricked to the 
extent of “seeing” length of lines in this distorted way. But the fact 
of the matter is that the actual categorizations made do suffer a 
marked change under these conditions. If external validation on the 
actual length of lines had been provided regularly, it is dubious 
indeed that the effect could have been produced, although Crutch- 
field’s research indicates that even with some external validation, 
susceptibility to consensual pressures varies widely from subject to 
subject. 

Frequency is only one feature of validation. Immediacy is another. 
In human relationships one quite often learns to make and continues 
to make groupings of people and events in the environment with 
considerably delayed validation. Consider such categorizations of 
other people as “honest” or “of high integrity” or as a “promising 
young man.” Perhaps under the tutelage of parents and peers, we 
early learn to classify people as, say, “honest,” “somewhat shifty,” and 
downright crooked” on the basis of a minimum number of defining 
attribute values. We are often a long time finding out the validity 
of such categorizations if indeed we ever fully do. “He seemed like 
a1 honest man from all I could tell, and I must say I’m suprised 
hee.” The “seeming” and the validation may be years apart. 

It is likely that long delay in the validation of one’s categorial in- 
“tences also leads to undue reliance on those few cues that have in 

* Past paid off predictively or to reliance upon consensus in much 
a manner discussed in connection with reduced ae ene i 

cation if we are unable to check immediately our ems ce me 
Vication © et a good external criterion, we are reader | nie 

‘ criterion of consensus or to rely on rather nonrationat cues. 
stry may also be characteristic of delayed validation that peers 
that “mi ackward from the validation to possible eee 7 a 
Who f ts thave been.” A man is suddenly found to = as ie 
Munity © last ten years has been accepted as a pillar ue 

Immediately the “search backward” begins as we 
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anced person.” 
Ii It is rather unfortunate that one must treat th 
iV validation by reference to intuitive ex 
seems apparent that it is a rich area ' 
quiry. The psychological literature yields little on th 
€ same complaint can be made al 
validation of categorial inference. 
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category “mentally ill” as . ca k progndstic stew ie 
etka! illness that may pro\ lental br; eae 

geal > dificulty in fixi ' ow} 
Part of the al cae 5. “PAtOry attributes of 
this sort is the SER OM) terior \dmi 310N 
1 a mental hospital Clea : enies thes seciidan 
their lives without going il ital. ¢ oing tonal 

chiatrist for treatment? " 4 : Criterion is not certain, 
for many people seek the aid In: tata wasted 
troubles without being seriously jj d many neurotics seed 
the psychiatrist on principle. | ircumstances, one is faced 
with a category that is clearly a CAISUNG by the society at 


large but about which there is a lack of fy]] agreement concerning a 
properly valid criterion. As frequently h: ppens, the consequences of 
the decision as to whether a particula: person is or is not mentally jj] 
are extremely grave, as in establishing responsibility for crimes or 
when it must be decided whether a will is valid or not. Under these 
circumstances societies maintain official organs for deciding. One 
must have recourse to a court of law. 

A second condition of ambiguous validation is when the validating 
criterion is itself equivocal in the sense that it may not be clear 
whether it indicates one way or the other. The angling example given 
moment ago is a sufficient illustration of this case. Does a strike or 
the absence of a strike provide sure information on whether or not a 
Particular fly is a “taker”? 

The effect of ambiguous validation on the process of concept attain- 
ment and concept utilization seems to be much as we have described 
t under conditions of reduced opportunity for or delay in validation. 
Quips about the fisherman being the easiest thing to catch are not 
without justification and the multimillion-dollar fishing-tackle industry 
8a tribute to the range of nonrational factors that affect the fisherman. 
i oting claims of laymen and experts ae pi re st 

Posing factors leading to mental ailments bespeak the same type 
aly pin down the defining conditions associated with a cate- 

Ose validating criterion is itself ambiguous. 
ot remains in considering ibang asst alae 
10 tege one’s ee eng validation. By dir erties pe a ine nc 
chilg eh ypothesis about what an exemplar : . rae Ly 
animal Pitted to find out what is meant by si tas panne 
Cither “ao along. The child says, “That’s a cat. sober nc 
been °r no.” In either case, a direct test of the Hey haan 

chil ee ®. An indirect test, of course, is the case in whic the 
YS, “Oh, that’s not a cat.” Again the parent will. gnswer BIS 


It has to do with 
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affirmative or negative. But the chil pothesis about i Iki 
will not be tested directly, only his residual] hypothesjg ie a cat i 
cat is not. Note that this is not a mat E positive a a What, 
stances. It refers to the direct or indirect test of an hyped in 
gardless of the negative or positive status of the instance #1 SIS, to, 


Consider a simple experimental procedure used by Goodnoy ( 

in which the subject must bet either on the left key or the ri 
of a “two-armed bandit.” He has an hypothesis that the right key will 
pay off. Each time, one or the other key pays off, so that which ever 
way he bets, he will know which one was correct. The Subject has ap 
hypothesis that the tight key will pay off on the next trial. Unde 
these circumstances, subjects prefer to “act out” their hypothesis by g 
choice of the right key, even though in doing so they risk losing by 
virtue of the fact that they have learned the left key does in fact pay 
off 70% of the time. To bet on the left and find that the right key 
oo: “a e you the same information” as a straight choice 
ese ject put it. We Suspect that such indirect valida- 
ect because it requires transformation 
risks the making of errors. Though the trans- 
as ne ee to avoid indirect tests may often lead 
aking more direct tests. We will see later, 


ght key 
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decision-maker but also of the 
sumption is that the ileal 
analyzed into two peetponent 

of occurrence of alternative an 
py the decision-maker on antic 


introduction. We turn now to tl 
principally from outside psycholo; 

Consider first the question: wha; 
for an individual in a concept-att 
the individual's performance ref, 


of outcome rather than others? 
Which particular outcomes 
objectives of the individual. 


this objective before them by 


nature of the concept as quickly 


are 
Take 
taining a concept after encountering as few 

This is a common objective guiding subjects in 
instances to test and hypotheses to try out. 
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not take, The third as- 
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20 ences of a decision can be 
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s the estimated likelihood 
second is the value placed 
‘comes. So much by way of 

t10n of these notions, taken 
to the process of Categorization.* 
> the outcomes which 
Situation? 


have value 
And how does 
to him of certain kinds 


Ctainment 


( me Value 


valued depends essentially upon the 
as an example the objective of at- 
instances as possible. 
their decisions about 
We may deliberately set 


insisting that the concept must be at- 
tained within a limited number of choices. 
ject, often without realizing the 


Or we may say to a sub- 
consequences, “Try to discover the 


are telling the subject that each encounter with an instance matters 
and that as much information as possible must be extracted from each, 

Suppose one is testing instances to find out whether or not they are 
exemplars of the concept one is trying to learn, as for example in the 
Vigotsky Test or the procedures used in the experiments to be con- 


sidered in later chapters. 


It exhibits values of, say, six attributes. The 
by the person is: “What kind of instance to 


This decision is informationally a crucial one. Concretely, shall the 
Person choose an instance that is drastically different from the ei 
sitive instance encountered, or shall he choose one that differs on y 
slightly If our by now somewhat overworked foreigner had me 


first 2n influentia] person who 


was over 50, rich, Protestant, and ag- 


; ; oor, 
Sessive, Should he now ask to meet one who is over 50 but p 


Catholic, and 


The Teader familiar 


®cong o 
Stimulat: 
(1991 lon f,; 


Most a 


i ho 
meek? Or shall he choose a second case for testing w 


: F here 
with economic theory will see ene trict 
= similarity between the assumptions made here and t nae derived much 
fories of choice (cf. Arrow, 1951). We have in uments of Knight 
Tom such theories and especially from the arg wi = to Es te be 
> Shackle (1949), and Marschak (1950, 1954), wee, aah 
Ware o the Psychological features of choice and decision- 
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differs in only one resp. . influential e 
tered? Let us suppose tl 05S as hy wd 
one who differs in al] resp aA 

stance. This is a desp¢ 
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pera : an CTS that shoul } 

instance chosen turn out to ) Will provide the : ‘ 

with little or no information. } “ not Know which on. On 

the many attributes changed m. th inst ive negative, 1 ba 

ever, the instance chosen turns out to | = tga “EN in one 5 

swoop the individual] will have lear ni e that only the one attribute i 

unchanged really Mattered as far as Influence js concerned 
yield indeed. 

In contrast, what a 
the second instance to test one which differs in only one respect from 
the previous Positive instance? Whether it turns out to | 
negative, one is assured of being able to use 
vides, If POsitive, tl 


1€ One attribute cl] 
tive, the One attribute ch 


’ a! 4 
are the consequences if 


€ positiy € OF 


the information it pro. 


nega- 


. Whatever +} 
anged does matter. What vel 


the result 

however, Only one attribute will have been checked, If there “— 

oF More attributes Which may be defining, the task of solution wil 

arely have begun. , 

aced with the need to attain the concept within a limited num . 

of Instances “ncountered, which step will the individual take? 7 

he choose as his next Instance one which differs in all respects save ole 

from the Previous Positive instance, or One which differs in only one 

, respect? In other Words, will he take a chance or adopt the slow-but 

la Sure method? 
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pends y 


reader wil] sure] 


al expe 
ative.” If 


y demur: “It all 


. ; urn 
Cts the next instance tot 
1€ thinks 


° . ore 
the instance is m 
e more Prone 


| 
» and 

to take a chance an 
. -eyjous 

woe deal from the previo 
© prone to take the * ie M likely to be negative, then y 
°urer gs 4 : . hich 
© from the Previous Oe | Choose an Instance whic 
chapter, this j P 

6, 


As we shall see in 

€cide between alterna 

. Or the moment, We 

sitive ang, UPOn a r tion of that Me step taken of 

: ©S and the Tixerens about the 

4Ve intro Te thoo, 
Ccted vilagt discussion of antic; 

elih Pateg i. 

Tefer, Nee to 2 a Sequence, a, 

~*€ Problem, 


of occur- 


process of Concept Attainment 


ii lk about _ 
alk about consex ces In a more general . 

We wish ey manner. As ri ; ce tis ge Soe 
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~ ey or another und: tions of renee wed te 

Casi the consequences of placing bject or event in each cate- 


sory and being right or wrong in one’: ement 
p The basic device in such analy 


ayo matrix. Suppose we 
start with as simple an exampl. 


SVC hophys ical experi- 


ment in which a series of lines is b resented, each to be cate- 
y “ ” “< » aoe : e +] jas ee ee ae é 
yorized as “long” or “short. The it the outset is given a 


reference line, 10 inches in length, all lines longer than which are to be 
called “long,” all lines shorter to be called “sh The subject is told 
: Ly} 

to be as careful as possible. He is told, n 1oreover, that for every four 


short lines presented, there will be six long lines. The matrix can be 
specified as follows: 


Anticipated Events and Outcome Values 


Decision Alternatives Longer Than 10 Inches Shorter Than 10 Inches 


Categorize as “long” Good | Bad 
Categorize as ‘‘short”’ Bad | Good 
Estimated likelihood of 0.60 0.40 
events | 
bas 


In this “accuracy” matrix, the outcome values of placement ripen 
category are balanced. Categorizing correctly a line as “short” is - 
800d as correctly categorizing it as “long.” Both correct maou 
ate equally valued, and both incorrect placements are equally sa 
tively valued. Since the outcome values are balanced, we wou 
&xpect to find that estimates of event probability would be the oe 
actor biassing judgment whenever there is uncertainty. We her 
“*Pect the subject in case of doubt to favor calls of “long,” since 
en told that long lines are the more likely. hs NI 
€ fact of the matter is that the accuracy matrix with e ) ont eon 
me values is only one of several highly rE = mee 
Y govern categorizing decisions. Let us consider wi at + a 
“MS are like when the outcome values of placement in either = . “ 
res A qual. There is, for example, a matrix meres pene? oo 
a we ‘entry matrix” because it is so well eres - seven 
task : ma combat zone. A sentry is standing + ag friendor sf0e. 

Categorize oncoming figures in the dar 
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Enemy intelligence and ag is nce have been so goog Be 
and friend alike now know the pa Vi d anc 

as a basis of discrimination, Ch s = —— tl 
any given figure being friend tg ) i :50, 
available to him. He may categoriz “ 
and open fire. Or he may categorize it a 
represent the matrix as follows: 
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Anticipated Events and Outcome Values 


Categorize “friend” 


and not} Dead or wounded 
fire 


| Alive, but feels both 
lucky and neglectful 


Estimated likelihood of ev 
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ents 0.50 0.50 
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directt long aS We remai 
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mative level, We can make ne redictions al t ae 
Oeripti | > about the amount of 
. » from expected event prohahjliin- . 
departure Pablities that wil] 
é occur, 
hACly) our iv 
tive statements 
Sadie it 7 numerical values 
e been assigned, one can follow the tr iditional mathematica] tech- 
robal ility estimates to obtain 
also argue for a general 
rmine which alternative 
1 number of problems in de- 
| 
termining how the expected values of an outcome for any given indi- 
Again, these questions are more 
fully discussed in Chapter /. For the moment, we wish to anticipate 
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tions ol amount call first toy 


predic descriy 


: Salar erat : Cc) 
with numerical statemer nce such 


har ' 
ue of multiplying outcome valu 
mes ; 


» measure 0 
ple such as “maximizing utility” to det 


f “expected utility,” and on 


princl 
should be chosen. There are, howeve} 


vidual can be quantitatively stated. 


the discussion only to the extent of stating our general conclusion. 
This is that we are not prepared to develop or to utilize as yet any 
formal or mathematical model to predict the effect of anticipated con- 
sequences on categorizing judgments. We have chosen to be satisfied 
with less precise prediction and to concern ourselves with the psycho- 
logical questions which must eventually underlie any model. The 
most important of these questions concern the objectives determining 
outcome values and the conditions affecting an individual’s estimate of 
event probability. 
For all its present limitation, the concept of a payoff matrix is a useful 
and a suggestive one. In the first place, it suggests problems that 
have far too long been overlooked. Psychophysics, concerned as it is 
with the categorization of magnitudes, could well be reexamined for 
the manner in which outcome values and likelihood estimates affect 
Categorizing behavior. It could, we believe, thereby be brought much 
closer to the judgmental behavior of people in everyday situations. 
Analysis of the effects of anticipated consequences in terms of payoft 
Matrices may also serve as a link between motivational states and 
hudgmental behavior. Specifically, one’s set in judging is partially 
"aie _ such terms. Again we may Le 
~ i : : lat prevail in everyday life. One ae ps sable” aaslatane 
’ceptab] . rei a ga APP Saeed ante Siechise cate- 
Borizats © groups and who is punished only when ae 
» 00 takes the form of classing as acceptable a man na rs 
Mle. a Practices of the progressive school provide anot er : 

‘ there the child is rewarded for his correct categorizations only, 
the ers bej ies ‘tation in the basic training camp 
is yet ioe. overlooked. The situation ms on ite? 
acts are eet example: only errors are noted and Pp cvenaeneal 

ooked. Each time a subject walks into an exp 
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THE FOLLOWING CHAP 


We have perhaps strained t by lingering 0 long 
in these opening chapters on tions and the cond; 
tions attecting the process of \ ; Our justification i 
threefold. Firstly, we wished to ma lear a possible that the 


task of isolating and using a con imbedded in the fabric 


of cognitive life; that indeed it pl yf th 


most basic forms 
of inferential activity in al] cognitive lite. Secondly, it was our wish 


to develop in some detail the great functional utility of this type of 
activity in the adjustment of organisms to their environment: the role 
of categorizing in the economy of knowing ones environment. And 


finally, perhaps of most importance, our object has been to sketch jn 


outline some of the processes involved in Wn 
effective behavior. Organisms do Sup. he 08a ae 
their world into pragmatically useful concepts and they do so with 
regard to reality constraints. Psychology has been celebrating the 
tale. of Santora’ factors” and “unconscious drives” in behavior for so 
long now 
Come to ¢ 
When the 
Problem-solying that we see in everyday life and may see in our 
aboratories ne 
halle 
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that man’s capacity for rational coping with his world has 
eem like some residual capacity that shows its head only 
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it concept attainment 


W. 
henever one seeks to “find out some- 


one is immediately faced with deciding upon the order in 
ch to make one’s inquiries. It js commonplace to remark that 
- Orders Of inquiry are better than others, We say of a scientist’s 
h that it is a beautiful series of experiments, or of a lawyer that 
$s mastered the art of asking questions. It is with the ordering of 


4 +h ~ = ; > . ¢ YY Pel 
“14> the steps in research or testing, that the present chapter is 


begin with an example. A neurologist is interested in the 
tion of pattern vision in monkeys. More specifically, he is 
sted in six cortical areas and their bearing on pattern vision. He 
that, with all six areas intact, pattern vision is unimpaired. 
IX areas destroyed, pattern vision is absent. His technique 
“search is extirpation. In planning his research, how shall he 
a eed? Destroy One area at a time? All but one at a time? In 
“Order shall he do his successive experiments? 
as te Prime question is “What is to be gained by choosing one order 
 npared to another order of testing instances?” ; 
“ty thing to be gained is, of course, an opportunity to obtain 
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pEAL SELECTION STRATEGIES AND THEIR BENEFYTs 
We concentrate in this chapte fr on conjunctive Concepts. Let us 
set before a subject all of the instan presenting the various “aie. 


binations of four attributes, each with thre. values—specifically all 
the instances illustrated in Figur. 4—an array of 81 cards, each va 
ing in shape of figure, number or ugui , « olor of figure, and number 
of borders. We explain to the subject what is meant by a conjunctive 
concept—a set of the cards that share a certain set of attribute values, 
such as “all red cards,” or “all cards containing red squares and two 


borders’—and for practice ask the subjects to show us all the exemplars 
of one sample concept. The subject is then told that we have a 
concept in mind and that certain cards before him illustrate it, others 
do not, and that it is his task to determine what this concept is. We 
will always begin by showing him a card or instance that is illustra- 
tive of the concept, a positive instance. His task js to choose cards 
for testing, one at a time, and after each choice we will tell him 
whether the card is positive or negative. He may hazard an hypoth- 
esis after any choice of a card, but he may not offer more than one 
hypothesis after any particular choice. If he does not wish to offer an 
hypothesis, he need not do so. He is asked to arrive at the concept 
as efficiently as possible. He may select the cards in any order he 
chooses. That, in essence, is the experimental procedure. 

There are four discernible strategies by which a person may pro- 
ceed in this task. These we label the simultaneous-scanning strategy, 

€ Successive-scanning strategy, the conservative-focusing strategy, 
and the focus-gambling strategy. Let us describe each of these 
briefly and consider the manner in which each bestows upon its users 

© three benefits mentioned previously. 

'multaneous Scanning. In the present array (Figure 1), com 
Posed of instances that may exhibit any of three values of four dif- 
“Tent attributes, there are 255 possible’ ways of grouping instances 

° conjunctive concepts. A first positive card logically irae: 
“sha these, and the informational value of any wee eure 
of the card thereafter presented can similarly be descri aor 
tango remaining hypotheses that it logically eliminates. same 
Reg scanning consists in essence of the person using each i ble 

ntered as an occasion for deducing which hypotheses are tena 

Which h aah ‘s is a highly exacting strategy, 
for the : ha been eliminated. This Laden ped ietheses aid 
SPY these in cmtst deal with many independent hypotheses © 

dee memory. Moreover, the deductive process 1s 
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with an ideal strategy here, let us also 
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Such a subject would certainly know how to avoid « 


instances that eliminated no hypotheses. By choosing a card for test. 


or, 
encountered contained ap. 
propriate information. He would have to decide whether to choose 
an instance containing one of the relevant features or both of tl 
the next instance will contain a circle and n 
contain red and no other relevant feature, or i 
Consider now the consequences of e 
the three possible concepts: 


nem: 
o other relevant feature, 


t will contain red circles, 
ach of these decisions for each of 
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ati ume to 0° seg sisi wise decision 
( es sh to proceed. The decision is important, for it will 
ie a eit he will be able to solve the problem with one 
re ot e if these were expensive experiments rather than simple 
a Fhe status of instances, the difference might be critical. But 
a : ite obvious that most human beings cannot or will not £0 
igh uch an elaborate analysis of the situation in order to deter- 


through s fd vat 
ine their best next step. Indeed, if there had been ten hypotheses 
i | 


till remaining in our example, the paper and pencil work involved 
in 
sum up by remarking that while it is possible in principle for the 
erson using simultaneous scanning to plan the best next step, the 
task of guaranteeing maximum informativeness of a next choice is in 
practice too difficult to accomplish. 

With respect to rendering easier the assimilation and retention of 
information contained in instances encountered, simultaneous scan- 
ning has little to recommend it. After each choice the subject must 
go through the difficult process of deducing which hypothetical con- 
cepts have been eliminated and carrying the result of these deduc- 
tions in memory. There appears to be no means whereby simul- 
taneous scanning can reduce this heavy load on inference and mem- 
ory. 

Nor does simultaneous scanning provide a way of regulating the 
riskiness of one’s next choices—no practical way, at least. We shall 
leave the matter at that, hoping that it will become much clearer in a 
later section. The best one can do is to compute the riskiness of a 
choice by the method just outlined. 

Successive Scanning. This strategy consists in testing a single 
hypothesis at a time. The subject has the hypothesis that red is the 
feature common to all correct cards, and chooses instances containing 
ted in order to test whether they are positive instances. He goes on 
testing hypotheses until he hits the correct concept. The typical suc- 
cessive scanner then limits his choices to those instances that provide 
4 direct test of his hypothesis. ae Ae 

Now it is quite apparent that such a technique for choosing in- 
stances cannot assure that the person will encounter instances con- 
‘aining the maximum information possible. That is to say, since in- 
stances are chosen only to test one hypothesis at a time, one is likely 
to choose logically redundant cards some feature of which has been 
used before to test some previous hypothesis. On this point more 
will be said later, for it is evident that this is much like discontinuity 
in learning. 
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4 direct test. In sum, then, peoonesive: ( di - utility 
ae guaranteeing maximum intormati ent f ones choices or 
., regulating risk. Its chief benefit is in the ré luct on of cognitive 
dain by limiting its user to direct test of hypotheses. As such, its 


principal utility may be as a procedure that is useful when the cogni- 
fe going gets rough or when one has good reason to believe that a 
oatticular hypothesis will turn out to be correct. 

Conservative Focussing. In brief, this strategy may be described 
as finding a positive instance to use as a focus, then making a sequence 
of choices each of which alters but one attribute value of the first 
focus card and testing to see whether the change yields a positive or 
a negative instance. Those attribute values of the focus card which, 
when changed, still yield positive instances are not part of the con- 
cept. Those attribute values of the focus card that yield negative 
instances when changed are features of the concept. Thus, if the 
ust positive card encountered contains three red circles with two 
borders (3RQ2b), and if the concept is “red circles,” the sequence 
atieeaaa would be as follows, each choice changing a single 

alue of the focus card: 


3 
ae (+) focus card} 
: 2 | 7 7 = «<< »” 

O2b (+) first choice: eliminate “three figures” as a relevant at- 
3 tribute value 
8GQ; ’ . 
Roo sh: second choice: retain “red” as a relevant attribute value 
3RO1b (—) third choice: retain “circle” as a relevant attribute value 

(+) fourth choice: eliminate “two borders” as a relevant 

Ergo: : attribute value 

80: concept is “red circles.” 


me thing. When a subject has changed an attribute alee 
Tesult has d and the new card chosen turns out to be positive, this 
No 2 ly eliminates the attribute in question from sanennsie 
subject z, se such an attribute can be relevant to the concept. 1e 

eats ot sample any further values of it. . . 
er features of this strategy are especially noteworthy. 
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yservative focussing, but a closer examination will make clear that 
Cc ¢ 


itis, In particular, several features of focus gambling are of interest 
from the point of view of the risk-regulating nature of a strategy, and 
these we shall consider first. 

In most tasks involving concept attainment, whether in the labora- 
tory or in everyday life, one objective is to get the job done in as few 
choices or tests as possible, particularly if choices or tests are costly. 
Itis always possible, given the use of conservative focussing, to com- 
plete the job with only as many tests as there are attributes to be 
leted. Focus gambling provides a way of attaining the concept in 
ae than this limit. But in doing so it also imposes a risk. 
a. By using the strategy, one may succeed in attaining 
sing. But the “s a hes than required by conservative focus- 
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ape a concept with all of the instances arrayed before him in an 
vv fashion so that at any time he may refer to these for orienta- 
. Let us compare his performance when he works with an or- 
»ed array of instances always perceptually available with the con- 
on where he must attain a concept without the array before him, 
ie, do the problem “in his head.” Instances are chosen in the same 
ay, save that instead of pointing to one, the subject must name one 
fmm memory. The usual guidance is given to him with respect to 
nether the card he has chosen verbally is positive or negative. 
Now, in the first case, the strain of the task—given the constant dis- 
pay of the instances—is less than in the second case. The problem 
m the second case is for the subject to kéep in mind all instances and 
» Sear in mind which instances chosen have been positive and which 
“satve. This task is greatly aided in the first case by having the 
ne there to refer to. In sum, a subject working “in his head” 
= ind some means of reducing cognitive strain; at least this is more 
i problem than it is for a subject working “on the board.” It 
, . 2 reasonable to expect that the strategies would differ: that 
ee who work “in the head” will be more likely to adopt a strategy 
, + 2g minimum strain. In doing so, they may, moreover, neglect 
"|. ust objective of a selection strategy: to guarantee that instances 


“osen be potentially informative. 
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“Shion with all like cards together, as in the tidy array of Figure 1, 
* the cards are arrayed in an order determined by a table of random 
“umbers, so that any given card may be next to any other given card 
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ny ¢ the four attributes. The cards a 9 the re 
aan in such a Way that there ‘Sib cide dif ps ie was ae | 
ticular one that the subject might wish to cho se fo testing As in 
jl] of the experiments considered in this volume, 10. sa ker) was 
employed in explaining the task. The subject was told that he would 
be shown a particular card which would exemplify a concept that the 
experimenter had in mind—a positive instance of the concept. The 
meaning of a concept (a conjunctive concept, more precisely) was 
carefully explained: a way of grouping the cards in terms of some 
shared characteristic or characteristics like “all red cards” or “all cards 
with green squares.” The subject was told that it was his task to 
pick cards one after another and after each choice we would tell him 
whether the card chosen was positive or negative, i.e., whether it ex- 
emplified or did not exemplify the correct concept. He was told to 
feel free to venture a guess about the concept any time he chose to, 
although we would limit him to one guess per choice. “Of course, 
tty to go about the job as efficiently as you can,” each subject was 
told, although no great emphasis was placed upon the matter and no 
further mention was made of it, except by subjects themselves who 
Were mindful of their own efficiency. 

Each subject, tested individually, was given three problems to solve. 
The boaed containing all 81 instances was before him during the first 
two problems, and then the board was removed and he was told that 
the last one would be done without it. The idea, let it be said, pro- 
Voked a certain amount of groaning. As one would expect, subjects 
did markedly better on the average for the first two problems than 
for the last one. But this is a superficial observation. Let us ex- 
‘mine the matter at a deeper level. 

First as\to strategies employed. The two principal modes of attack 
Were modified forms of the conservative-focussing and the successive- 
Scanning strategies. These modifications are quickly described and 
are interesting in their own right. A principal modification of con- 
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the attribute in question is relevant to the concept or not, subjects 
sometimes have a tendency to test a second alteration. For example, 
if the focus card has “two red squares with one border” the subject 
will first choose 4 card with “two green squares with one border” 
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” The sixth showed the need for “direct test” in the 


their head. 
of not being willing to eliminate attribute values on logical 
nds but preferring to test them directly. In all six cases, per- 


was orderly and governed nicely by the use of a focus. 


The seventh case represented a typical failure of memory: forgetting 


His performance, once this 


had occurred, was a combination of hacking around for a new 


ocus and utter confusion. 
The modified 


ie ee e ‘ 

ihe history of the scanners was not so fortunate. 

tratescy they ha, a : ; 
y they had developed made heavy demands upon memory in 


aice 


woo, +} Bays > é : 
der that as much information as possible be brought to bear on each 


v hypothesis. Four of the five scanners came to ruin when they 


had tr <<. . »”» ‘ 
ad to do problems “in their head.” They were confused, made 


— such as choosing redundant cards, and generally turned in a 
muddle 5S : é 7 ; ‘ 
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npting to work the third problem in his head and turned in a 


“less performance, with a pattern of choices conforming exactly 


‘0 ideal focussing. 
The difference between the groups—scanners and focussers—was 
Sttiking from the point of view of choices required. To solve the 
m, scanners required a median of 13 choices; 
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The experiment maj be quickly a 1, for the procedures 
ved are similar to those already described. Two groups of 15 
myo © eas i ay é 
- each. advanced undergraduates and graduate students in 

5 each, é 


subject 


Harvar' a 
selection method. That is to say, an array of instances was placed 


before them and they were told that a card exemplifying a concept 
would be shown them. After that their task was to select cards on 
the board for testing. Each time a card was selected, the experi- 
menter would tell them whether or not it exemplified the concept. 
Each subject, tested separately, worked four problems in this way. 

The array before them was made up of instances each exhibiting 
one of two possible values of six attributes. Each card contained two 
figures, a large one on the left and a small one on the right. The six 
attributes and their values were as follows: 


d University, were set the task of attaining concepts by the 


. Shape of the large figure: rectangle or triangle. 
. Color of the large figure: yellow or black. 

- Border of the large figure: present or absent. 

. Shape of the small figure: rectangle or triangle. 
Color of the small figure: yellow or black. 

8. Border of the small figure: present or absent. 
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or 


Out of these six attributes, each with two values, 64 instances could 
be constructed. One card, for example, might contain a large black 
tectangle with a border and a small yellow triangle without a border; 
another, a large yellow rectangle with a border and a small yellow 


ttiangle also with a border. 

In carrying out his task, the subje 
many choices as he needed and as mucl eeeeer a 
he should try to attain the concept in as few ee ss nee ' 
No such aids as paper and pencil were fa area ait fete 
told that he might venture a guess whenever W cn ss ese 
nature of the concept but that he was altow i aay eka ; “a 
fach choice. After each choice, the experimenter indicated to the 
Subject simply whether the card was 
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: — San ne small, a rectangle from a triangle, or a figur 
with a border from one without. All the relevant characteristics 
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€ questi {ee Rene i. | 
Sak: - . on we were asking was this. What kinds of strategies 
e two groups of Sabie : 

: ects adopt? : bas Ny Pe a at 
faced with an arr J ce I athe Random Group ‘ 
Visual support to : Zs 10se arrangement gave little or n 

a nee ; a the task o aoe ee 
negative instances in order to atta; f sorting out positive from 
expect th: attain the corre 

Pp i at membe 


< TS of the 
cognitively strainful = € Random Group 


acquire information : ae surate 
ertainly 

dealing With such a y. ane | 
ages. The first oO 
Conservative or risk 


adily discriminable. 


cf concept. One would 
might develop the least 

With the demand to 
Conservative focussing 


might have served well for 


puck OCuss 

Specific instances e BF Pd that St be Of any kind—w hether 
ae ta ‘ eC e 4 Dien a 

Original focus card jin the testin tan Bebe able to locate the 

’ Nly rhea? “Nees ] oie . 

Cultodoson on enc. Page ae that diffe; . he 

Age 2 & scrambled board wl attribute Value. peed. from 
e the 64 Positions on the } ere an inst this was diff- 

OCuecds ; ae 4 ? E; = 3 , 

ocussing in this Situation was tl ard, . Mce might appear in 

mind which of the s; nabrit Wag 


Econ i : 

SIX attributes haga Telatiy disadvantage ot 
the procecc a ee “S Cf. % . 

instances to test ¢ me . “canning th, es a et ‘ pore 2 

: "Xposed the « 5S the “Od yw); | 

aie ‘ ioe ch founc 
sore that retroactive j ren th app jat 

1e h; om Ce mij 5 ropniate 
1ad done and found 0 ee ™ghe hin ! «: : 

There was another ec id ©us choices Varied in- 

‘ons 5 ae 5 . 
Nsideration. The Ting what 


der 


le Subject 


tegies in Concept Attainment 99 


selection Stra 


far as informational efficiency was cot was not very great 
: shi situation. He was told that his task \ to attain the concept 
n cy : 1 | ] cr Ty P ° 
th as few choices as possible. We shall see in a following section 
with a ' . : | , = 
that his requirement for maximizing the informational yield of each 


choice can be made considerably more stringent. Under the circum- 
tances of the experiment we are describing, the pressure toward 
eficiency might not have been great enough to lead the subject to 
organize his choice behavior to the point required by a focussing 
strategy. 

Finally, the perceptual structure of the random board was not such 
as to lead to systematic testing of attributes. The orderly relationship 
between instances was not marked, and it is precisely orderly relation- 
ship that makes a focussing strategy most feasible. 

A reconsideration of the “best strategy” for the Random Group does 
not, then, lead so readily to the conclusion that conservative focussing 
is ideal. Indeed, it may well be that under the circumstances im- 
posed, a still less demanding strategy might be predicted. The only 
less demanding strategy is, of course, some variant of pure successive 

_ Scanning with a minimum of reliance on memory for past instances. 
In any case, any prediction one makes cannot be rigorous save that 
one would expect a subject in the Random Group to adopt a less 
strainful strategy than a colleague in the Ordered Group. — 

The situation with respect to the Ordered Group was quite different. 
The cards were arranged to emphasize the orderly combining of 
attribute values. Any instance a subject chose to test could be readily 
found. He could easily keep tract in spatial terms of what ee 
Were tested. If anything, we should expect subjects to be led into a 


focussing strategy. 
So much for prediction. 
Cut. Members of the Ordere 


What actually happened was rather clear- 
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Tequired an average of 10.4 choices per problem, a hig y te i 
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selectio f = 
focussing behavior. More likely it comes from the fact 


function of 
that members of t oa eee 
jeriving an hypothesis from the first pos tive card and then choosing 
ards to test the hypothesis directly. This means that their first 
choice would differ less from the first positive card than would be 
expected by chance. | 

Another measure of the difference between the groups is in the 


he Random Group were doing successive scanning: 


number of choices made that were more like the original focus card 
than like any other preceding card chosen. We may examine this by 
asking in each case which of the preceding cards encountered includ- 
ing the illustrative card has the largest number of attributes in com- 
mon with a present choice. Where two preceding cards have equal 
similarity to a present choice, let us count the one encountered earlier 
as being the more similar. In ideal conservative focussing, of course, 
the original focus card will always be most similar to each choice. 

In focus gambling, the array of choices made will not all be most 
similar to the original focus. Several preceding choices will share 
honors with this original focus card. So too in successive scanning. 
We may ask, on each problem, how many different preceding cards 
turned out to have the status of being “most similar” to subsequent 
choices. The more a strategy approaches ideal conservative focuss- 
ing, the closer this figure will be to 1.0 per problem. Deviations in 
the direction of focus gambling or successive scanning will move it 
away from this value. The figures for the two groups—an nae 
per problem for the four problems—were 1.7 instances for the Ordered 
Group, 3.6 instances for the Random Group. Perhaps a simple way 
of summing up the matter is to say that nine in every ten choices made 
by the Ordered Group had the original focus as a most similar 
Preceding instance, whereas only three-quarters of the choices made 
by the Random Group could be so characterized. 

The Ordered Group, in short, was sticking vary closely to the 
Original focus card in making subsequent choices. The Random 
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It is not surprising then that the number of 


‘ncorrect guesses about the concept was reliably higher in the Random 


shan in the Ordered Group. 
What may we conclude from this experiment? Perhaps the first 
conclusion is that the type of strategy adopted in a given situation 
reflects the nature of the situation. The successive scanning of the 
Random Group, aided by what additional remembering a subject 
could muster, was well suited to the requirements of the task. That 
is not, of course, meant as “praise” for the performance of these 
subjects. It is meant as a recognition of the fact that in a cognitively 
stressful situation, they adopted a strategy that made few additional 
demands on cognitive effort. By doing so, they gave up a certain 
degree of information-getting efficiency. Similarly, the strategy of 
the Ordered Group again suggests a nice adaptation to the structure 
and requirements of the testing situation. Strategies were used that 
took advantage of the orderly arrangement of instances. Indeed, the 
interesting mixture of conservative and risky focussing undertaken 
also showed a nice adaptation to the fairly ambiguous requirement 
that they “try to attain the concept in as few instances as they could.’ 
Abstract and Thematic Materials.° Both commonplace observa- 


tion and experimental studies on reasoning suggest that most human 
ations with more confidence and precision 
y must reason is concrete. The 
99) and Eidens (1929) are a case 


beings perform logical oper 
When the material about which the 


often quoted studies by Wilkins (1929) pata Beare 
in point. In these experiments, deduction tasks were set up in paralle 


form: one set couched in the A’s and B’s of the logician, the other in 
the concrete language of experience. Take, os saa ns TR 

. «ys : , 1 to yield the typical deduc- 
following propositions which were founc J yp 


tions noted next to each. 
Typical Deduction 


Dae 1 
I aes = gn een alo are A 
If all A are B_ a then no B are A 
If no A are ‘3 ; _..then some B are A 
If some A are B.-- B. * _.then some B are not A 


Tf some A are not 


debted to Robert V. Seymour for assistance in the experiment re- 


* We are indeD 
ported in this section. 
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A Study of T : 
d third deductions ar. Th 
Only the second and thir Ceductions Xt Course Correct i 
a ‘ “y° _ Se fe isis Ct, } 
immediately quite striking is that the e » Committed in i hat 
° z= e 1 Y 1 l@ fh 
fourth examples seem quite unthinkable when We examin ti 
‘ iis i ar ’ COncy 
Instances of these propositions. It is no likely that many tet 
“< . > i : y, Cont, 
would deduce from “All men are mammals” the conclusion Ai D 
mammals are men.” 


Nor will we be led from “Some 
criminals” to the conclusion that “Some criminals are 


would appear od 


lat “Al 
MEN are no 
not men,” ,, 
ied in language OF in ee 
the reasonable Conclusion, 
present when we try to Cope with the A’s p, 
logic. When we are deal 


as if the common sense emt 
perience had the effect of guiding one to 
form of guidance not 

Ps, and q’s of formal 


realm, verisimilitude provides 


But such an appearance of truth may 
invalid arguments, 


. 
idity, 

also predispose us to accept 
erature on thinking abounds 


Conclusions that are 


ani © €xperiments of Morgan and Morton 
Ree Brick (1943), and particularly the carefully de- 
50) all Point to this phenomenon 4s 


and, people escape cer | 
ance of common experienc 
6 °Mmon ex : : eo 
ential form. nee has the effect of producing 
Sst PPorteq . © us, it Suggests that much ol 
ORic... T ‘seg kind of thematic process rather 
Principal feature of this thematic 
its ; 
S f0gical Structure. 
emp};;... a 
n “eff Tas © | Pitically reasonable propos! 
he hist, Ort afte, , “Onc Usions 
aa: Ory of Science rovid tical y, . 
erisi ili » Vi 
the en m3 One of th i, meero o,. amp] — 
. 19) Ie re Bye} 7 S€rve, amp es of the « ogic 
tion °Ccurred jy 1795 Ported j, thi US We § 
ranus, and >» Nine 


Cars S€Ctio Sf an introduction to 
the Principal] fi afte incide 


It consists of 


| “aa tht well call 
~Similitude,» : 


the: «~ e nt in ques- 

ure ; Isc . q 
4 Volveq w every Of the planet 
© logic 6 alang ae the Steat French 
; discover the 
Eve, Ye led him to it. 
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Second ni foll, — would 
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lar area, he found that the position of r relative to others in 
solar « ”) *¢ ' = 
at part of the map had shifted. Laland, 1 good astronomer 
RN b *f, 2 ee = = . : 
1 knew that such a shift was unreasonabl. He crossed out his first 
ant “a SR 
pservation of the shifting point of light put a question mark next to 
A be m a < : 
his second observation, and let the matter go. And so, not until half a 


century later did Neptune get added to the list of planets in the solar 
system. From the aberrant movement, Lalande might have made the 
inference not that an error had been made but that a new planet of 
the solar system was present. But he was reasonable. And it was 
more reasonable to infer that one had made an error in observation 


than that one had found a new planet. 

Lest one be tempted to write off the episode as a historica] curiosity 
of the remote past, it is worth remembering that the first report of 
atomic fission a century and a half later made by Hahn and Strassman 

2 . << 
(1939) ends with the remark, “Perhaps after all we have been de- 
ceived by a series of strange coincidences.” This was in 1939. In- 
terestingly enough, two authors in the preceding year (Curie and 
Savitch, 1938) had made an identical observation on the end resuli of 
bombarding uranium with neutrons and failed to achieve the dis- 

5 
covery. 

Now let us return to the more restricted realm of experiments on 
Concept attainment. In all of the experiments thus far reported in 
this chapter, we have used abstract materials: forms, colors, numbers, 
borders, and the like. None of these materials had the property of 
tempting subjects toward operating by canons of verisimilitude. In- 
deed, because the material was “nonsense” material, subjects were 
Possibly liberated from such tendencies. Suppose instead of using 
abstract material we utilized highly concrete material of the sp rs 

i > heavi amiliar or preferre 
might lead a person to lean more rans on familiar p 

Ways of grouping. What might we expect! : 

The most reasonable expectation is that in so far as there are “pre- 
ferred” or “reasonable” ways of grouping materials in an array, then 
the problem-solver would be likely to try out these modes of grouping; 

soot heses to be tested. If this were the case, 
they would provide the hypothese: 
‘o be expected would be akin to successive scanning: 
then the strategy to be expecte : 
& Renkuns for trying out hypotheses successively. One might also 
ue 4 ‘ 
cies re t. since the material is meaningful, and thus more readily 
ex at, s =] , : 
a bered, it should he easier to remember what hypotheses had 

re ered, . 

b ad ted by what instances and whether or not these same instances 

een tes . 

: elevant for testing subsequent hypotheses. In short, if suc- 

were releve ig é 

cessive scanning is used, it should not be so discontinuous that the 


subject gets no benefit from past instances in shifting to new hypoth- 
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eses. Thus, one might predict 
successive scanning and simultaneo 
: ig’ the Tt 
Consider now the design of t we 8roups 
. Ant yy ¥ Wey 

used; let us call them the Abstract a; natic Groups, 
stract Group comprises the same 15 ; cts discussed A 
Ordered Group working with unlimite : We shall bedi 
the same performance records discussed ©. Recall that the o, 
dered array of 64 instances with which they worked was , 
the combinations of six attributes, 


each with 
stance consisted of a card witl 
small one. 


Carlier as iL 


]8ty 


nade wp , 
two values. Each in, 

1 two figures on it. a large one and 3 
Each of these figures could vary in shape (triangle o, 
rectangle), color ( yellow or black), and border (present or absent), 
The orderly arrangement of the car 


ds on a display board | 
been described (see page 98). 
The design of the Corresponding them 


ment was governed 
the structure of the 


1aS already 


atic material in this experi- 
Y two requirements. The first was to parallel 
abstract cards as closely as possible. The second 
ake the instances of this array 
» Instances were a 
a smal] one, 
act material, e 


reek with meaning 
gain constructed of two 
an adult human being and a 
ach of these figures had three 
The adult fi 


Sure could be either a 
attribute w 


as dress: the adult, whether 
Tin day dress. F inally, the 
a ing a gift or was frowning with 
ae © back, | tult 
led in ¢ and terms, then, the adu 
€ eith BE sex, dress, and affect. So too 
er : ids 
Whichever it was, 
Finally, the child | 
e Ce wn a the adult figure and smiling 
inches jn size, ae, Were priy, ed on ands clasped behind the 
reproduced in Fi exam les rey ets, : S “PPproximately 3 by 5 i 
a a al 
‘id about h igures €mployed are 
t 
tance j th a mati 
© arra = hate, : 
a little boy d heme, Here ig a eu x Seem, = - It is charac- 
eg bathrobe i ent 2 fa er a a, Ocative of a 
i : ds beh; tang "ght dress gi ing 
nsté “ ehing 1. : giv 
€ssed and berating - "Te looks like .-% bought sa Oy Subject said | 
© or ~ 
fis Mother 78 Present 
a Oj 
nd get = y fully i 
ed be- 
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2. Four instances from the thematic array. 
Figure 4. 
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fore coming down to breakfast 
stances of this sort that they have 
imagery about the over-all nature ‘ 
trayed. The purpose of the experiment : 
jects being told what a conjunctive concept 
amples of possible concepts such as “all c 
cards with a child in night dress. | | 
What of performance on the two kinds of task? Recall that Is 
groups were given four problems to solve. We shall deal With th 
average number of choices, etc., necessary for attainment of the con, 
cept per subject per problem. Little need be said about t] 
by-problem change in performance, for th 
either group. First, in terms of the 
problem to attain the 
significant difference 
quired, as we ma 
Corresponding n 


On ms 
*Plaineg : 
vas and given, 0 
cards with a Woman’ o, 


VU 
Me , 


1€ problerp. 
ere seemed to be little in 
average number of choices per 
concept, there is a considerable and Statisticall 
between the groups. The Abstract Group te. 
y recall, an average of 6.1 choices per problem. The 
umber of choices for the Thematic Group was 9.7 


Oy Les 
The range of choices required for the 


ato 7.9 choices: for the subjects of the 
Thematic Group, from 7.0 to 11.75, The number of redundant choices 


attern: 1.0 per problem for the Abstract 
Oup. 
"nection with Our previous discussion, the Abstract 


ative-focussing str 
Oeus ng sti 


ategy with certain 

Zamblin WI! i 1: > - 

formance f §- lat is Most striking about the pe 
OF the ete Cron, . = a 
Cessive Scanning: the test; a Was its relatively continuous suc 
: tp ? ting o ee cr ae 
seeming : § successively but with 4 


e ba 3 ; ta sU. 
ifference j, illustrated b ponte evaluate ne 


w_ hypotheses. 
f €ach number of incorrect hypotheses 
me ‘ ro ; Ds 
Ypotheses Offere per = ms . le average number of it- 
ui8® being from 0.0 t zi mn by the Abstract Group was 
> With a ra : figure for the members of 
BM 025 te, son it i 
* Teas « >» ae 
nds, Onable and readily ac- 


ut 
: Strac © Pert 
Attributes I act Groy r Subj Sag — 
, %0sin : i er ey 
€ relatively 
oe Or testing, the would 
3 subj > there = erieir fl 
~  UDjects, and i Ree 
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é ; © Course Ul 589 
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selectio in : ‘ 

pect (the original focus). Of these, 440 were ¢ hanges in the dress 
. ie + the adult or child figure. Next came changes in the affect 
tl es: 357 of these occurred. Least often changed was the 


of the figur 
sex of eithe 
much difference in conspicuousness of the 


wards. If anything, the conspicuousness of t 

versely related to the amount of change that occurred. For prob- 
ably the sex of the figures is the most striking attribute. If one were 
testing instances by a focus strategy, one would expect the sex of a 
figure on the focus card to be changed as often as any other attribute. 
Instead, we find that the sex of the figures is changed the least often 
of any attribute. The indication is that the hypotheses being favored 
by our subjects have to do with the sex of the particular figures: it is 
this feature of- the original focus that is most often held constant in 
choosing instances to test. 

An analysis of the actual hypotheses offered by the Thematic sub- 
jects provides some insight into the preference pattern just mentioned. 
These subjects offered 113 incorrect hypotheses in the course of deal- 
ing with the 60 problems attacked by the group as a whole. The 
correct concept on half of these 60 problems contained a specification 
about the sex of the adult figure. Yet 65.5% of the incorrect hypoth- 
€ses offered by subjects specified the sex of the adult figure. The 
pattern of incorrect guessing and its relation to correct concepts 1s In 


itself rather interesting: 


r figure: 328 changes occurred. Certainly there is not 
i} ae l 8 - 
1 tributes of the thematic 


attr 
he attributes is probably 


Adult Child 

‘ Bex Affect Dress Sex Affect Dress 

Per cent correct 50.0 50.0 45.2 63.2 38.7 «38.8 
c : —~ 5 i 

oncepts containing sa tis I ef PON 


er cent incorrect 
hypotheses containing 
ifference 


415.5 +5.8 —1.8 +26 -—6.0 +3.4 
It is difficult to interpret these figures fully, = it nian bie going 
well beyond our understanding to attempt Eh ) nt “s a c = 
quite apparent, however, is that there is Pape e ve oe" to 
Prefer testing hypotheses about the sex of ie “= a gue in arriving 
at the content! And sex is the attribute east O ten c pos. 6s from 
the initial positive card shown the subject. Indeed, as Se 582 card 
hoi ect ‘ye, the initial value of adult sex is altered 26% of the time, 
sais: perce ‘with changes in the dress of the child figure which occur 
a pein nonst choices made, the most frequently changed attribute. 
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We may conclude, then, that 
with thematic materials led to itilize 
of successive scanning but that in do;, so 
hypotheses having to do with the sex of the - 
matter in its proper Perspective, we 
discussion of the criteriality of a conc. 

In that discussion, the point was made that there y, 
“nonrational” determinants of criteriality, 
class identity of an object were pre 


ecological validity. Certain cues are 
pressive, 


Chapter 7, 


the 


yond the’ 
OF more jn, 
istic categorizing, treated jy 
relative weight Sven to such 
to one class or another, Jj, 
th making in Passing. The 
preferential tendencies shoy 
the possible origin of such preference in 


a first card and told that it exemplifies 
y the card contains a “mother in night 
night dress who is receiving the gift 
&€ so often employed by our subjects). 


Ontained in this first positive 
Concept, wh 


or any combinat; ich may be “mother” or bite 
ming, ‘i.e. hen he adopt or <n a subject uses successive i 
card, he Must make a i = hy Pothesis derived from this first foc 
mg and which are noj “ag = to which of the attributes are defit: 
= eae f various attrib ‘glee “sentially making a wager on the 
ial ‘ cow Ny, t i ’ Bee be formulates an hypothesis il 
“stren a ues j “agp n is this: given the mga’ 
instance? I "iteriality» tance, Which of them will bé 


tr Most Y be; we 
* ie ; . 

* engtheneg” b foment “xPerime, hi! *SSociated with a positiv® 
Stance is, as = © sin 


tion ... “gle attribute most 
ass - € attribute 
sie S€en, the x °Ciation, wi & 


y er re) 1 an initial positive in- 
tion that comes Nes he Pee: Specy] ePdule figure : 
Cards, has e, 4 
story. jp po marke earlie do w; i Most Obvious explana- 
he will reader will 10.” we Card ees thematic nature of the 
the aduk po s bie Stang,  * evok a theme or 
u figure Into th Ma © at Tand : 9 
tion. He ill als © rol chiep &P bout it ig in Figure 2, 
'MPortant feature f th VM 7 of @eOnise a tg readily casts 
US he 
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. ; 1; 
“An anvry father I fl 


ag this: 

: , in late from the street an ( been BE 
has come Ink y the scolding 
s. maeingn. eems not unlikel | nositi f +] 
she is getting. It seems not unli ral position of the 

“4 ‘i 99 » 1 “fees F 
father” Or oy >» evOKed the predet 
“father OI mother’ in the evoked ¢] t1Diy predetermines the 
ferential criteriality attained by the tribute of the adult sex 


pre ’ 
We may summarize the experiment. brie fly in the following terms. 


To attain concepts with materials that are meaningful and amenable 
to familiar forms of grouping leads to several difficulties. In the first 
place, the problem-solver is likely to fall back upon reasonable and 
amiliar hypotheses abo ) ‘ble or ee” 

Y} bout the possible groupings. In so doing, he 


may be led into a modified form of successive scanning: the strategy 
np 7 :— , . P . ‘" e : ae 
ar excellence for going through a list of hypotheses. In the second 


} 

place, the thematic material will. more readily than abstract material, 
lead certain attributes to have nonrational criteriality: the subject will 
hang on to these and will formulate hypotheses around them. 

From the point of view of the reduction of cognitive strain, we 
would interpret these findings in much the same way as we may in- 
ese the findings on syllogistic reasoning with which the present 
“xperiment Was introduced. Where it is possible to do so, the in- 
dividual will fall back on the guidance of common experience in at- 
tempting to attain a concept. As in the case of the astronomer La- 
lande, a cue will be used as a basis for making a familiar rather than 
« unfamiliar inference about the identity or “meaning” of an event. 
In the case of syllogisms about familiar events, habitual association 
May serve to override the logically necessary conclusion. In the pres- 
ent experiment, the familiar bases of grouping material provided in 
the thematic instances tend to predispose the person to “reasonable” 
Successive hypothesis-testing and thereby predispose him away from 
Nore efficient forms of focussing strategy. 

Does this in any sense serve the cognitive economy desired in prob- 
lem-solving? To the extent that the environment has regularity or 
redundancy, one may expect that what has been familiar in the past 
Will be relevant in the future. Certainly one of the ways of minimiz- 
ing the surprise value of the ee a is “t 2 ronhialpi &pHadipls 
of “persistence-forecasting —predicting ag what asvars next will be 
like that which occurred before. In this broader sense, reliance on 
familiar forms of grouping and upon their handmaiden, successive 
Scanning, is not without adaptive benefit for the problem-solver. One 
may perhaps call such a tendency rigidity,” as Luchins (1942) has 
in discussing the so-called Einstellung effect. It seems more likely 
that in so far as the environment in which we must operate is highly 
regular, We do fairly well in being guided by familiar and successful 
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tematic focussing strategy. If the array is a aD 
the person has expectancies concerning what might be ste ¢ 
“important,” he will use these familiar features as a a F a 
potheses and adopt a Scanning strategy. While this is har Abe 
tling finding, it does underline one Way in which strain is re wee 
by going along with the nature of the stimulus materials that one ha 
before one, 
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peak, then, of a strategy as being a move in the direction 
ficient OF inefficient strain reduc tion, such a statement must be 
a iifed to refer to particular kinds of situations. Some strategies, 
1 be sure, will deal effectively with al wide range of situations; others 
will be found wanting as the cognitive going gets rough. But aside 
from this generalized efficiency, one must always consider the extent 
to which a given mode of approach meets the requirements of a task 
with which a person must deal here and now. 
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REGULATING RISK 


‘Suppose you, the reader, have to choose between two decisions: 
to build or not to build a bomb-proof shelter for you and your family. 
To make the example drastic, let us suppose that you are rich but that 
the shelter would cost you practically the whole of your fortune; and 
that such a shelter is both indispensable and sufficient for life preser- 
vation in the case of war. Thus your two alternative decisions and 
the two alternative states of the world (war or peace) combine into 
the following ‘payoff matrix’:”* 


States of 
the world 


Decisions Peace War 


Build hilton Alive and poor | Alive and poor 
Dan’t build shelter Alive and rich | Dead eck 


Any decision one may make about how to solve a problem also has 


a characteristic risk feature. Suppose we take the case of the scien- 


tist deciding upon his next experiment, working on localization of 

Complex pattern vision in the anthropoid brain, by extirpation tech- 

niques. The scientist, recall, is interested in six cortical areas and 
. > 


knows before he starts that if all six areas are destroyed, no pattern 


vision can be found; if all are present, pattern vision is present. What 
> 


F DY 
is to proceed: wy 
re js belie we are dealing with a decision between follow- 
e see a 


ocussing or focus-gambling strategy here, the 
brain with all six areas intact serving as a focus. Of course, the case 
is not so simple as this, for even if cae axporimenter extirpates several] 
areas at once and destroys pattern vision thereby (26, changes sev- 
eral attributes of the focus and gets a negative instance), he will stil] 


ing a conservative-f 


—_ . . 
° Marschak, J- (1954, p. 3). The matrix is also taken from Marschak, 
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gqlection strategie ; 
¢ ; : 

a consider the question, ifter tl in iblished ex 
y about positive and negative instances, whether he should 
ancy 
pect ear y ‘e than a: le attril 
: low . course ot changing more than a single attril yute of the focus 
0 ’ coi hi li > getting either the { r { r.e ' 
i raling the possibility of getting either the feast of a positive in 
. ance OF the famine of a negative instance. The decision, as re- 
marked before, is one that can be described in terms of a payoll 
matrix. 
Anticipated Events and Outcome Values 
Decision Alternatives Positive Instance Negative Instance 
> *) Voy . \n3 
Change one attri- | Gain of moderate amount | Gain of moderate amount 
buteatatime | of information of information 
Not get very far toward | Not get very far toward 
complete solution complete solution 
Change more than | Gain of considerable Gain of little or no 
| 7 attribute at a information information* 
|; ‘me Get far toward complete | Make little progress to- 
solution ward complete solution 


It is quite apparent that the decision to be made rests upon two 
considerations. The first of these is the estimated probability of 
ne a positive instance. The more likely the person thinks 
shes to encounter a positive instance, the greater will be the likelihood 
of his making the second decision—to change many attributes of the 
focus. If we follow Marschak and arbitrarily assign values from 0.0 
to 1.0 to the various outcomes depending upon their desirability, 
then we may say that the outcome, “Gain of considerable informa- 
tion; get far toward complete solution” has a value of 1.0; “gain little 
% no information; make little progress toward complete solution” 
has a value of 0.0; and the other two outcomes have a value of 0.5. 
What is called the expected utility of a decision can be computed 
by multiplying the estimated probability of the two events by the 
Values assigned to their outcomes, and then summating these prod- 
ucts, Suppose a subject had the estimate that the chance of en- 
countering positive instances was 0.80, negative instances 0.20; then 
the matrix could be solved as follows: 


— 


. ors > 5 cing > : Hy 
® The expression little or no information” is used here since a subject using 


a focus strategy would get no information from such an outcome; a subject using 
simultaneous scanning would get proportionally little depending on how many 
attributes of the original focus he had changed. 
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| oy 
‘ - | 5 x () mf iy SO fe 
Change one attribute | 0. or? X 0.20 Quy 
Change many attributes | 1.0 x 0.80 0 X 0.20 | 0.8 
= —- Se ‘Gee a ee 
Kstimated probabilities | 0.80 | 0.20 
| ae i cal 
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restriction i 
turn immediately j ; 

Limitation of Choice. The experiment to be reported is a very 
simple one indeed.* Our only interest is in the manner in which an 
‘dividual makes his first choice of an instance to test after being 
shown a positive card exemplifying the concept. The stimulus mate- 
rials used were an array of 64 instances laid out in an orderly fashion 
as described earlier, with each instance exemplifying one of two pos- 
sible values of six attributes. The cards and the array were identical 
with those described previously in connection with experiments on 
“orderly” and “random” arrays. 

Three groups of subjects were run, about 20 in each, again stu- 
dents at Harvard. All of them were innocent of any knowledge about 
the objective of the experiment except that they knew their task was 
to attain a concept. Their instructions were standard. First the 
array was described as containing cards each of which exhibited six 
characteristics: the shape, color and border of a large figure; and the 
same characteristics of a small figure. They were then told what was 

meant by a concept: a group of cards sharing certain common char- 
acteristics, e.g., all the cards containing small yellow figures, or all 
those with large black triangles, etc. Subjects were run individually 
with the large display board before them. After it was ascertained 
that the nature of the problem was understood, subjects were told 
that their task was to choose cards from the board and after each 
choice the experimenter would tell them whether the card chosen was 
°r was not an exemplar of the correct concept. Before beginning to 


choose subjects were always shown an instance that exemplified the 
At this point the treatment given the subjects di- 


n the number of tests a person can make. To these we 


Correct concept. 
verges. 

A first group wa 
lem in as few choices as t 


n hoices they wou 
“haat _ Bee pete be imposed. The second group was told 


be allowed only four choices. The third group was 
ould have but one choice to make. 

wa Seal can be likened to three situations in a foot- 

ball was The first is the opening play when one’s team has first 

wees possession of the ball after the initial kickoff and has the whol " 

aS he 


© Again we are indebted to ee stheak eg yt for most of the data presented 
i aa section, although our interpretation differs from that Proposed by him. 
a R. V. Seymour, op. cit. Additional data were collected and further analyses 
ued out by Donald O’Dowd. 


5 told that they should attempt to solve the prob- 
hey could, and nothing was said about the 
ld be allowed. It was tacitly understood 


that they would 


>. &N 
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Y 
difference between our groups of subjects, pool 
the four problems done by each subject, th 
which differ from the illustrative c 
incidence of such first choices is: 


12% in the group permitted unlimited choice. 

33% in the group permitted only four choices, 
72% in the group permitted only one choice. 
What of the number of attribute values changed in this focus 
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” rar > solution | 
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schieving a guaranteed INtaKke OF In : h on each 


test vanishes 


in value. 
Now reconsider the scientist as he decides upon his next experi- 
ment. Shall he remove one area of the cortex or some greater num- 


ber among the six areas that concern him? Ac iin, the decision is 


about what is more important: to make a big scientific killing or to 
add a modest but guaranteed brick to the scientific edifice. This is 
the decision to be made, whether the scientist has one or many op- 
portunities for doing experiments. If there is but one opportunity 
for experiment, he may still choose to do the safe and sound thing: 
extirpate one area and have it known for sure whether this area alone 
aifects pattern vision. If he wants to make a complete solution and 
be the man who solved the problem, he could extirpate five of the 
six areas with the reasonable guarantee of fame should it turn out 
that, after so doing, pattern vision will still be intact. 

In conclusion, then, the matter of risk seems to be—at least psy- 
chologically—a matter of deciding what it is that one wants to achieve. 
The primary question is kind of risk, not amount of risk. It is only 
when one has determined the objectives that impel the individual 
to take certain kinds of risk that one can determine the values that 
Various outcomes have for him and begin to utilize a payoff matrix 
aS a way of analyzing and predicting decisions. 

How risk is regulated, then, depends upon the relative psychologi- 
cal values of the outcomes contained in a payoff matrix. At least this 
is half the matter. There is also a question of estimates of the prob- 
ability of variously valued outcomes, to which we turn now. : 

Subjective Likelihood Estimates.’ In the prow’ experiment, we 
alter experimentally the subject’s conception of the probability with 
which various outcomes or “states of the world” will occur. It is as 
if, to refer back to Marschak’s example, we altered the person's con- 

*ption of the likelihood of war or peace pies: by contr oe his 
life history in such a way that he either experiences war as the more 


lik t or peace. : , 
a babs: Pe the experiment is not without entertainment, for it 
involves aoe a rather benign trick on the subjects. In all, 48 


subjects were employed, all of them students in the Graduate Schools 


of Harvard University. They are, thus, relatively superior in intellj- 
gence. As in previous experiments they were tested individually. 


YS SEE as 
© For fuller details of this experiment, see R. V. Seymour, op. cit. 
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A comparable regimen was followed for subject who received all 
negative instances. Again, completely consistent information was 
ven. Only in rare cases was it necessary to give a subject the in- 
formation that a positive instance had been chosen. 

After four choices on any given one of the four problems each 
subject worked on, he was asked to give his hypothesis concerning 
the correct concept. This hypothesis could either be consistent with 
the information obtained on the four prior instances or inconsistent.® 

Half of the subjects, upon offering an hypothesis at the end of their 
four choices, were always told that the concept they proposed was 
incorrect. Thus they “failed” the four problems. The other half 
were always told that they were correct in their hypothesis. Before 
a subject had much time to consider the matter of success or failure 
in any great detail, the next problem was given to him, introduced 
always by the presentation of a card, exemplifying the new concept 
to be attained. This rapid transition to the next problem was just as 
well, for in many cases the information given the subject about the 
correctness of hypothesis was inconsistent with what had gone before. 

There are thus four groups of 12 subjects each; they received the 
following treatment: 


All positive instances: hypothesis always correct (positive-correct). 
| positive instances: hypothesis always wrong (positive-incorrect) . 
All negative instances: hypothesis always correct (negative-correct). 
I negative instances: hypothesis always wrong (negative-incorrect). 


The procedure outlined for “failing” or “passing” subjects is some- 
thing short of ideal. Fortunately for our present concern, there seems 
to be little effect brought about by the actual success or failure of an 
attempted solution. The subjects appeared to take this information 
in good stride, recognizing or believing that four choices was a chancy 
tumber in terms of being able to get the concept correctly or, if they 


Ee ee 

* By consistent we mean, of course, that the concept oo by the subject 
Was one that had not been infirmed by any instances previously encountered, 
Since our interest was primarily in the manner in which consistent strategies are 
affected by the treatment described above, an arbitrary rule was adopted that 
We would include in the study only those subjects who in at least two out of 
their four problems gave consistent hypotheses after four choices. All others 
were discarded. In selecting subjects according to this criterion, six had to be 
discarded from amongst those using the ordered board. Thus, all of the 48 
‘ects used in the experimental analysis were “correct in Proposing an 


paca sis after four choices on at least half of their problems. 
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We remarked before that succeeding or tailing to attain the concept 


seemed t0 make no difference in the risk-taking nature of strategies 
employed. If we compare the 24 subjects who attained all the 
concepts “correctly” with those who “failed” in all of them, no system- 
atic difference is present. Each group is made up, of course, of equal 
qumbers of “positive” and “negative” subjects. First, as to the 
sumber of subjects who change more than a single attribute of the 
initial focus on their first choice: 


Problem 


First Second Third Fourth 


Attain all concepts 11 10 11 11 
Fail all concepts 12 15 12 12 


The number of attributes changed similarly shows no difference. 


First Second Third Fourth 


Attain all concepts 1.58 1.50 1.67 1.83 
Fail all concepts 1.71 1.96 1.75 1.92 


There is perhaps a slight though not significant tendency for the 
failure” subjects to follow a more gamblerlike focussing strategy. 
It is not striking and is far short of statistical reliability. Failure to 
attain the concept under the chancy conditions of very limited choice 
appears to have little effect on this feature or, for that matter, other 


features of the strategy.® 
Other measures could be presented showing differences between 


our two primary groups: those with negative and those with positive 
instances. Such measures would not, however, be of relevance here 


Since they would indicate merely the manner in which subjects were 
responding to different amounts of information. For the fact of the 
Matter is that in terms of the actual information contained, instances 
in an all-negative series do contain less information—from a formal 
information point of view as well as psychologically. The data pre- 
sented give a sufficient picture of the one point we wish to make. 

The point is this. Given a situation in which some form of focuss- 
ing occurs, the extent to which the focussing will be of a gambling 
oe ee 

© jt is highly likely that this lack of effect would not be found had the subjects 
been given 2 sufficient number of choices to warrant their feeling that the problem 
wes OO within their competence. 
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our subjects are “rational” in the sense of “knowing” that their 
changing behavior achieves this result. 
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clecting instances for testing what is relevant should have three 
5 . . ; a ji ae. i 
characteristics: it should guarantee that instances chosen for test are 


sotentially informative, that the information they contain be assimi- 
table without undue strain, and that the strategy be capable of 
regulating risk. We have examined in some detail two types of 
experiment. In the first part of the chapter we presented several 
studies where cognitive strain imposed by the task was altered. The 
object was to determine whether strategies responded to the change 
in cognitive strain inherent in the problems posed for the subjects. 
In general, we found that strategies alter with the imposition of strain 
in the form of heavy memory or inference requirements. We also 
found that strategies alter with the nature of the risk inherent in the 
situation—alter in the sense of adjusting to the opportunities provided 
by the situation in keeping with the objectives one seeks to achieve. 
The chapter has served to introduce a method of examining 
problem-solving behavior viewed as a sequence of decisions designed 
to achieve information useful in getting to a final resolution of a 
problem. All the experiments have had in common the fact that the 
subject had a great deal of freedom to test whatever features of the 
situation seemed relevant to him. In this sense, our subjects were 
put into the position of being free-lance investigators testing now this 
and now that feature of nature in an effort to find what it was that 
certain crucial events had in common, that differentiated them from 
other events. What was it that made certain things edible while 
others were inedible? Or what was it that made certain objects in- 


flammable and others not? on 
In the next chapter, we look at a more restricted kind of cognitive 
activity. The behavior is more that of the bench-bound lecture-goer 
who receives information in a sequence decided upon by others than 
himself. Under these circumstances, how shall he discover what are 


the defining properties of events? 
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U, to this point, our concern has been 
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if the experimentalist were engaged in such a pursuit and could 
fad laboratory animals capable of speech and on whom surgery 
might be performed, then he would be in a position to act much as 
our subjects of the last chapter. This would take the form of 
systematically removing areas of the brain in certain combinatorial 
orders until the answer was forthcoming. But the clinician has to 
take his cases as they come. He must employ a reception strategy. 
Let us begin at the beginning of modern neurology by taking Paul 
Broca as our subject: a gifted neurologist of the mid-19th century.® 
He has a chance to carry out an autopsy on an aphasic patient. He 
finds massive damage in that portion of the brain at the base of the 
third frontal convolution (since named, in his honor, Broca’s area), 
‘the speech center.” But this describes only part of the properties 
of the “instance.” For Broca’s exact description of the patient’s lesion 
shows a softening of the brain in the left hemisphere all the way from 
the frontal lobe dorsally to the parieto-occipital junction, extending 
downward as far as the superior portion of the temporal lobe. One 
can sum this up more simply by saying that there is much more 
destroyed than Broca’s area alone. It is at this point that Broca is 
able to exercise his major freedom: the freedom to formulate an 
hypothesis. He could attribute the aphasia to all of the destroyed 
areas or to any part thereof. He takes his option and proposes that 
aphasia is caused by damage to a speech center: the famous “Broca 
area.” Perhaps there is reason in the fact that this is the area of 
most concentrated degeneration. Nonetheless, the die is cast. The 
neural defining attribute of aphasia is this particular “speech center.” 
At the other extreme we have Flourens, who adopts another option. 
No specific lesion is taken as a defining attribute of aphasia. If the 
aphasic’s brain shows specific damage, it is the interaction of the 
damaged areas and the intact areas together that create the final 


common path of aphasia. 

What is of great interest about these two innovators is that each has 
a line of descendants, call them the localists and the totalists. The 
former seek always a specific area where possible: some set of limited 
defining attributes, adding new attributes only when forced by the 


conditions lead to the inference of aphasia with maximum 


* In the interest of exposition, we shall take certain liberties with the history 
of this complex field. If the reader finds that our historical license leads us to 
over-exaggeration, he will, we hope, forgive us and treat our examples as fictional 
rather than real figures. 
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pleted. Here we must leave real neurology, for the issues are to, 
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intact and without aphasia at least fails to infirm his hypothesis. 


two of the outcomes are damaging to Broca’s hypothesis. A patient 
with speech center intact and aphasia is as infirming as one whose 
speech center is destroyed but who shows no sign of aphasia. Let 
ys adopt the language of medicine, for the moment, and speak of any 
case as positive which shows the signs of illness we are investigating; 
its absence negative. Whether it is positive or negative, a case can 
confirm or infirm the hypothesis in force. In this fashion of speaking, 
then, the four contingencies that Broca can meet are: 


1. Positive confirming: Aphasic with speech center destroyed. 

2. Positive infirming: Aphasic with speech center intact. 

3, Negative confirming: Nonaphasic with speech center intact. 
4. Negative infirming: Nonaphasic with speech center destroyed. 


A good reception strategy consists in being able to alter hypotheses 
appropriately in the face of each of these contingencies. At an even 
more primitive level, obviously, it consists in being able to recognize 
their existence and to formulate hypotheses in such a way that, 
whatever the contingency met, one will know how and whether to 
change one’s hypothesis. 


A PARADIGM AND TWO STRATEGIES 


Three things are required to reproduce in the laboratory a task 
comparable to the examples we have given. First, one must construct 
an array of instances that are alike in some respects and different in 
others, so that there are multiple ways in which the instances in the 
alray may be grouped. Second, instances must be encountered by 
the Person in an order over which he has no control. Third, the 
Subject must know whether each instance is positive or negative in 
the sense of exemplifying or not exemplifying a concept. Fourth, 

€ subject must be given freedom to formulate and reformulate 
hypotheses on each encounter with an instance. Given these req- 
uisites, a task is easily set. A grouping or a concept to be attained 
is chosen, and the subject is shown in succession exemplars and 
nonexemplars of this concept. His objective is to formulate an hy- 
pothesis that will distinguish an exemplar from a nonexemplar among 


i encounters. 
—— ie instances such as those illustrated in Figure 1, com- 
Posed of the combinations of three values of each of four attributes— 
cards each showing four properties, such as two red squares and 
three borders” or “one black cross and two borders.” We decide upon 
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toto one’s initial hypothesis. From here on, the rules can be simph 
described. They are: 
Positive Instance Negative Instance 


| oe 
Confirming | Maintain the hypothesis now | Maintain the hypothesis now 
in force | in force 


Infirming Take as the next hypothesis | Impossible unless one has 
what the old hypothesis misreckoned.* If one has 
and the present instance misreckoned, correct from 
have in common memory of past instances 

and present hypothesis 


By following this procedure, the subject will arrive at the correct 
concept on the basis of a minimum number of events encountered. 
The strategy has only two rules in addition to the initial rule that one 


begin with a positive instance in toto as one’s hypothesis. These two 
rules are: 


1, Consider what is common to your hypothesis and any positive- 
infirming instance you may encounter. 
2. Ignore everything else. 


It is apparent, of course, that focussing in the present case is analo- 
gous to the focussing strategy under conditions where the subject 
chooses the order of the instances that he will consider. In both types 
of problems, the first positive card encountered is used in toto as a 
Suide, in the reception case as the basis for all subsequent hypotheses, 
and in the selection case as the point of departure for all subsequent 
choices of instances whose positive or negative character will system- 
atically delimit the concept. In focussing where one chooses in- 
stances, the problem-solver tests attribute values of the focus card one 
at a time as a means of seeing which features of the initial focus card 
are relevant to the concept. In the reception case, one embodies this 
focus card in one’s initial hypothesis and then evaluates its attribute 
values in the light of subsequent instances encountered. 

In the interest of brief nomenclature, we shall refer to the ideal 
Strategy just described as the wholist strategy since it consists in the 
adoption of a first hypothesis that is based on the whole instance 
initially encountered, followed by an adherence to the rules of focus- 
sing just described. From time to time, we shall also use the expres- 
sion focussing to describe the strategy. 


® For a fuller exposition of this point, see pages 149-150, 
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Positive Instance Negative Instance 


2 * Se —— 


Confirming | Maintain hypothesis now in| Maintain hypothesis now in | 
force force 


Infirming Change hypothesis to make Change hypothesis to make it 


it consistent with past consistent with past 
Instances: 1e., choose an instances; i.e., choose 
hypothesis not previously | hypothesis not previously | 
infirmed infirmed 


For describing this procedure we shall use the expression part-scan- 
ning strategy or, on occasion, part strategy. 

Let us now briefly sum up the differences between the two strate- 
gies: 

i. Part-scanning obviously makes more demands on memory and 
inference than does the focussing strategy. The wholist’s hypothesis 
Is modified at each step to incorporate the information gained from the 
Instances he has encountered. He need never recall either his past 
hypotheses or the relation between these. For his present hypothesis 
‘8 @ current summary of all these. Only when he must recover from 
an error is recourse to memory necessary. The part-scanner must fall 
back on memory or the record every time he encounters an infirming 
Instance, 

2. The scope of one’s initial hypothesis—whether a part or a whole 
hypothesis—will alter the probability of encountering the four different 
contingencies. This is a straightforward matter of arithmetic that will 
be made clear later in the chapter. The most dramatic feature of this 
“arithmetical fate” of the two strategies is that a wholist who follows 
all the rules of his strategy will never encounter the most psycho- 
logically disrupting of the contingencies: the negative-infirming case. 

3. To succeed, the scanner must remain alert to all the character- 
istics of the instances he is encountering, for he may have to revise 
his hypothesis in the light of these. Such a degree of alertness and 
Spread of attention is not required of the focusser. If he stays with 
the rules of focussing, he need pay no heed to the characteristics of the 

instances encountered after he has used them to correct his hypothesis. 

If you will, the scanner must keep a continuing interest in nature; the 

focusser need only be preoccupied with his hypothesis. 

So much, then, for the ideal strategies. Specifically, we have three 
objectives in the research to which we now turn. 
1. The first is to examine the degree to which performance corre- 

sponds to the ideal strategies, the degree to which one acts like a 
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Broca or a Flourens from proble: Se 
to contingency. 

2. The second is to examine chano 
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3. Finally, we wish to raise some questions about the clic 
of the two strategies under varying WOrK Conditions We Cty 
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gn may be contrasted with some of the classical stu 

At the outset the nature of the task is fully described for the subject, 
As noted earlier, an array of instances is constructed. The subject is 
Presented instances from this array one at a time, and each is desig- 
nated as either Positive or negative. The first instance presented is 
always positive. The Subject is asked after each instance to state his 
hypothesis concerning the correct concept: what it is that the first 
Positive card exemplifies. Instances are presented until the subject 
has had at least as nstances as would be required logically to 


h ave the correct one. At no time does he 
ave more than one insta 


dies, 


Many i 
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Recep 
In these respects, the procedure differed from the procedure orig- 
aly introduced by Hull (1920). In the Hull procedure, the sub- 
ject was not told what his task was. Rather the task was presented 
as a study in rote learning. The subject had the task of learning to 
associate names or nonsense syllables with instances that were pre- 
sented to him. There might, for example, be five different concepts, 
illustrated by an array of instances; and the subject's task was to 
‘learn’ that particular cards were labeled “DAX,” others “CIV,” etc. 
If he did not figure it out for himself, he might never realize that 
“‘DAX” cards were so labelled because they shared certain common 
attribute values. The test of whether the subject had attained the 
concept was, at least in Hull’s study, whether the nonsense syllables 

could be applied to a series of new cards that illustrated the various 

concepts but which had not been presented before. In sum, inci- 

dental concept attainment was being studied. William James urged 

that the psychology of religion begin with the investigation of “the 

most religious man in his most religious moment.” We wanted at the 

outset to see concept attainment at its best. 

There is one other crucial difference between our procedure here 
and earlier ones, a difference whose importance has already been 
lucidly remarked upon by Hovland (1952). In studies inspired by 
Hull’s Procedure, it was not made clear to the subjects what it was 
about the instances presented to them that might be relevant. The 
different attributes and their values were, in short, left uncontrolled. 

us, Hull used a set of pseudo-Chinese characters, a particular radi- 
cal of which was the defining attribute of the correct concept. It is 
*pparent that the number of attributes a subject might consider as 

Possibly relevant are close to limitless: any component stroke, angu- 
larity, or curvedness of components, thickness of strokes, crowdedness 
of strokes, number of right angles, number of strokes, number of dis- 
onnected lines, width, length, and symmetry of characters, predomi- 
Nance of vertical or horizontal strokes, “movement” or “stillness” of the 


atrangement of strokes. : 
So tee as the experimenter does not know to which and to et 
Many component attributes the subject is attending, it is impossi . 
to control or understand the amount of information being presente 
to the subject by any one instance or combination of igs Be 
Cannot know when the subject has had an informationally adequate 
Series of instances—adequate to eliminate all but one, the pres con- 
cept. Nor is it possible to study the effect of the number of : ne 
attributes in the concept as compared to the number of noisy irrelevan 
attributes. To be sure, the use of such characters in concept-attain- 
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1 the NE€cessity of ex. 
ternalizing the decisions a subject makes en route to the attainment of 
a concept, a concern discussed in Chapter 3. It was a deliberate 
choice on our part to use a known number of attributes, each with . 
known number of values—known to both the experimenter and the 
subject. If you will, then, this is Concept attainment with the per- 


ceptual-abstraction phase by-passed. 


Details of Procedure. The instances were cards containing various 


shapes, colors, and numbers of figures; and va 
numbers of borders, 


the problems were: 


rious kinds, colors, and 
The six attributes and their values comprising 


Number of figures: one, two, or three. 
Kind of figures; square, circle, or cross. 
Color of figures; red, blue, or green. 


he. 


: Number of borders: one two, or three 

is Kind of borders solid dotted, or Wavy. 

| ' Color of borders: red blue, or green 
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After each card, please write down your best guess of the 


‘. mind. J | 
ja vet Each subject was provided with a response sheet. Each 
concept. enpice ¢ 
roblem was done on a single sheet, the last entry on the sheet bein 


the subject’s final answer. If the final answer corresponded to the 
correct concept, the subject was considered to have attained the con- 
cept. Cards were presented one at a time for only ten seconds. No 
hints were given and once a card had been shown and removed, the 
subject was not reminded of what it had been. The subjects were in- 
structed to write down on their score sheets only their hypotheses 
and nothing else. It was not possible for them to refer back to 
previous hypotheses since the subjects were asked to cover them, as 
soon as they are written down, by a card. This covering card was 
also a “code card” containing abbreviations for the subjects to use 
in writing their response. 

Sampling of Subjects and Problems. The subjects, 46 Harvard and 
Wellesley undergraduates, were given 14 problems to solve. The 
problems varied in the number of possibly relevant attributes with 
which the subject had to deal and in the number of attributes that 
defined the concept. The number of possibly relevant attributes 
varied from three to six and the number of attributes that actually 
defined the correct concepts varied from one to five. 

The attributes used for any given problem were chosen at random, 
with the restriction that all six attributes were used equally often in 
the 14 problems, When, for example, a problem involved the use of 
three attributes, subjects were told what these were and the other 
attributes were kept at a constant value so as not to distract subjects 
from their task. The attributes that defined a concept were similarly 
chosen at random, with the same restriction as mentioned before. 

The instances used for each problem were such as to approximate as 
Closely as Possible the following desiderata. First, that just enough 
instances be given so that the subject have sufficient information for 
attaining the concept with no redundant instances included in the 
series. Second, that the total number of instances presented for each 
Problem be the same. Third, that the ratio of positive to negative 
instances presented in the various problems be the same. Fourth, that 
each problem occur equally often in the first, second, third, or fourth 
quarter of the series of problems. While we were able to come close 
to these prescriptions, it was combinatorially impossible to realize 
them completely. Subjects had to be divided into four subgroups and 
given slightly different sets of problems. The nature of the instances 
eos in the set of problems given to one subgroup is set forth in 
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TABLE 1 , 
The 14 Problems Given Subjects in On beroun 


1 2 3 4 5 a Q 10 1] 12 13 ‘ 
Attr. values of concept i 312341 9 ; ; 
Total attributes in array $3444 4 Se ee P 
Informative pos. instances* Seoa2233392 ae 
Redundant pos. instances P00 10001 o 004 
Informative neg. instances 1222332234 1 9 oe 
Redundant neg. instances Meee OOl10oO 2 1 0 0 
Total instances presented 6666566667 6 6 67 


But the fit to our prescription was not bad at that. All but three of 
the problems in this set contained six instances, and these three were 
only one away from this number. F our of the problems involved 
instances comprising exactly one full informational cycle with no re- 
dundant instances; the others contained one positive redundant in- 
stance, and sometimes one or two negative redundant instances. The 
balance of Positive and negative instances was practically constant 
throughout. Finally, nearly all the Possible combinations of ratios 
of defining to total attributes were Tepresented all the way from one 


defining attribute value for a three-attribute array to four defining at- 
tribute values for a six-attribute array, 
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tion with minimum information? Where d, 


rect solu Goes a subject’s per- 


| formance diverge from the ideal strategy? 
Regarding consistency in the utilization 
otheses on a series of problems done by a 
very marked tendency for the subject to use one or the other approach 
consistently. In this type of problem, at least, people are either con- 
sistently like Broca or like Flourens. The relevant data are presented 
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Figure 3. The percentage distribution of subjects with respect to the relative 
Frequency with which they used initial whole hypotheses in dealing with 
problems. 


We also see in this figure that it is the exception for subjects to use 
the two forms of initial hypothesis with equal frequency. It is rather 
interesting, too, that the whole hypothesis is preferred to the part hy- 
Pothesis.* In fact, about 62% of the problems were begun with whole 
hypotheses. A word must be said about the strength of this prefer- 
ence. 

Upon being shown an instance exhibiting, say, four attribute values, 
there are 15 opening hypotheses possible. Of these, one contains all 
a a en 


i. In a partial replication of this experiment, with subjects run individually and 
with no time pressure, the same preference for whole hypotheses was found. 
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TABLE 2 
Percentage of Problems Begun with Whole 


Hypotheses and Percentage Expected by Chance 
Number of Attributes 
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Percentage Begun with Percentage Expected 


in Array Whole Hypothesis by Chance 
3 70 12 
4 65 7 
5 59 3 
6 70 2 
The first 


Why this prefere 
gest themselves, 


Two explanations sug- 
dealt with is ; 


umber of attributes to 
i may be willing to deal 
a ie all at once, well above the subjects’ 
ee, 2 ae wed and-attention span, there might have been a tend- 
ead jes ad oe th packets of attributes. 
ade i here 

role of verisimilitude preceding chapter w 


was discussed. In the ki te- 
used here, it is not lj € kind of abstract ma 


€se initial hypotheses are modified 
Sencies subsequently encountered. 


ption Strategies in Concept Attainment 14] 
Rece ® ° y 
the Meeting and Handling of Contingencies: Wholists. Recall the 
es for the ideal focussing strategy, the ideal ways for a wholist 
he four contingencies. 


four I ul 


Contingency Ideal procedure 
ie confirming (PC) Maintain hypothesis now in force 
Negative confirming (NC) Maintain hypothesis now in force 
Positive infirming (PI) Change hypothesis to whatever the old 


hypothesis and the new instance 
have in common 

Negative infirming (NI) Change hypothesis on the basis of 
memory of past instances 


How often are these rules followed by subjects who begin with a 
whole hypothesis—the wholists? The ideal rules are followed on: 


54% of encounters with PC contingencies. 
61% of encounters with NC contingencies. 
54% of encounters with PI contingencies. 
10% of encounters with NI contingencies. 


The first three contingencies are handled ideally with a frequency far 
in excess of chance, and we shall return later to the question of what 
constitutes chance performance. But ideal handling of the negative- 
infirming contingency is strikingly rare. Why? 

For the wholist to deal with the negative-infirming contingency, he 
must change his hypotheses on the basis of his memory of past in- 
stances encountered: In short, he must backtrack. This is the only 
Contingency where focussers must use memory in this rote way. In 
Practice, wholists do attempt to remember past instances when they 
meet a negative-infirming contingency, but to remember correctly and 
to extract the implications from what they have remembered is a task 
most often beyond them. Actually, the contingency should never 
arise—if the other rules are followed. Since focussing does not tend 
to orient the person toward literal remembering of past instances, it is 
hot surprising that the contingency is only dealt with successfully in 
about 10% of encounters. ‘The scanner, whose behavior we shall ex- 
amine in detail shortly, is more memory-oriented. He deals success- 
fully with this contingency on 26% of his encounters with the ie 

The focusser’s departure from the rule for handling positive-infirm- 
ing contingencies takes a simple form. The contingency is ideally 
met with the intersect rule: take that which is common to the old 

ypothesis and the infirming positive instances before one. On oc- 

Casions, subjects are tempted to ignore this rule and to maintain their 

old hypotheses unchanged. More often, they underintersect. Un- 

derintersecting consists in using for one’s new hypothesis only some 
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of the features common to the old hypoth. 
positive instance. — 
The lack of complete adherence to the ideal + 


triguing feature of subjects’ performance. The rule f t both 
ing contingencies is: “Maintain unchanged the hypothesis ; 
The fact is that for some subjects at least it is diffic ult ¢ 

hypotheses in their present state when new instances come ;) 


The involved subject often feels that he is making progress only , 
he changes his hypothesis in response to new instances, Maintena 
seems to be equated with “no progress.” He is, if you will, too ~ 
ticipant,” too devoted to the idea that change is progress. 

Consider now the frequency with which wholists actually 
ter the various contingencies en route to attainment. The average 
problem contained five contingencies: five instances encountered after 
the initial illustrative card. Of these, 
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TABLE 3 
Handling of PI and NC Contingencies by Focussers 
Response to Contingencies Number of Problems Per Cent Solved 
es 

Both contingencies always 103 9s 

handled appropriately | 
Neither contingency ever 160 20 

handled appropriately 
PI appropriate ; NC not 5A be 
NC appropriate; PI not 37 = 


In brief, then, the handling of the positive infirming contingency by 
the intersect rule is the heart of the wholist strategy, for it is by this 
rule that the subject is enabled to alter his hypotheses in a manner 
such that it summarizes and keeps current all the information he has 
encountered to date. 

The Meeting and Handling of Contingencies: Partists. How do 
scanners fare when they meet the various contingencies? The rules 
of the ideal scanning strategy are as follows: 


Contingency Ideal procedure 
PC Maintain hypothesis now in force 
NC Maintain hypothesis now in force 
PI Change to a hypothesis consistent with memory of past instances 
NI Change on same basis as for positive infirming 


How often do partists follow these rules? They follow them on: 


66% of encounters with PC contingencies. 
52% of encounters with NC contingencies. 
50% of encounters with PI contingencies. 
26% of encounters with NI contingencies. 


As with the wholists, the widest divergence from the rule comes in 

ealing with the taxing contingency of a negative infirming instance. 
Consider, as we did before in the case of the wholists, how the partists 
Come to deviate from the ideal strategy. 

Faced with confirming contingencies, either positive or negative, a 
subject should maintain his hypothesis unchanged. As with the 
Wholists, however, many partists find it difficult to maintain a hypoth- 
€sis unchanged in the presence of a new instance. They too feel 
that change is progress, that use should be made of each instance 
Presented them. 

Why is a negative-infirming contingency so difficult to deal with 
for a partist? Adherence to the ideal rule is not striking: 26% as 
against 50% for an infirming positive instance. For one thing, a nega- 
tive infirming contingency contains a “double negative.” The card il- 


144 


C ‘2 


] 0 
i it also te] u that v, 8 
lustrates what the eer ts pena a nevatr. - £ ri Presen, 
hypothesis is not right. In this sense, a negat Nie irming 
ay provides highly indirect information Furt 


Nern Such ‘ 
| t thir h tr oO : , uf) 
instance provides one with no new base on whic, €0 ground . 
i itive infirming contingency provi 
hypothesis. A positive 


a Ney 
des at least... 
Sis can be formed | 
TS Encounter the 
The average Problen, 


the contingencies most frequently en- 
countered are negative confirming and Positive infirming, Constituting 
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Once again it is the handling of the positive intrming contingency 
nc 


. the heart of the strategy. For the focusser, its handling in 
-* f the intersect rule was the way in which he could so modify 
— Se nees that each hypothesis was a summary of the informa- 
- ee up to that point. For the scanner, the use of the 
gsitive infirming contingency is equally crucial: it provides a base 
on which to build a new hypothesis and a score card against which 
memory of past instances can be checked. 


THE EFFECTIVENESS OF THE TWO STRATEGIES 


Which strategy leads more often and more efficiently to success? 
Complete adherence to the ideal rules of either, of course, leads with 
inevitability to success. But there are deviations from the ideal rules: 
all wholists do not always adhere to the rules of focussing, nor partists 
to scanning. 

If one can compare the success of partists and wholists, taking their 
strategic behavior as we find it, the advantage lies with the wholists. 
But the real question is: which strategy is the more effective under 
what conditions? Does the effectiveness of each strategy vary with 
the over-all difficulty of the problem to which it is applied, and is 
there a difference between the two in this effectiveness? Recall that 
the Problems given to subjects varied in difficulty: difficulty depend- 
16 Upon the number of attributes to which one had to attend. For 
the larger the number of attributes represented by instances to be 

ealt with, the larger the number of hypothetical concepts in terms 
of which the instances may be grouped. If A attribute values are 

Present in a first positive instance presented, the number of possible 

ypotheses about the correct concept will equal the sum of A values 
taken one at a time (for one-value hypotheses ), taken two at a time 

(for two-value hypotheses), up to A at a time (for A-value hypoth- 
at The number of possible concepts for each case used, then, 

is: 


Three-attribute problems = 7 possible concepts. 
Four-attribute problems = 15 possible concepts. 
Five-attribute problems = 31 possible concepts. 

Six-attribute problems = 68 possible concepts. 


ans ey 
* The formula for the number of hypotheses after a first positive instance is: 


A 
H = ) (3); where H is the number of hypothetical concepts possible after a 
t=] 


Positive instance and A is the number of attributes in the array. 
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Figure 4, The Percentage of Problems begun with whole and with part hy- 
Potheses that are solved as a function of the num 
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ked superiority to partist scanning? The results thus far pre- 
- d indicate a general superiority of the former over the latter. 
yoni reasonable, does it not, that the more difficult one made the 
aaa remembering instances, the more marked would this superior- 
ity be. Take, for example, the “time strain imposed by the ten- 
second presentations used in the experiment just described. What if 
the subjects had been run individually and had been allowed to get 
instances for testing at their own pace and with as much time regis- 
tering on instances as they wished? An exploratory study of just this 
kind has been done (Austin, Bruner, and Seymour, 1953). The same 
strategies emerge, the same proportion of wholists and partists, al- 
though the degree of adherence to ideal strategy is greater under 
these relaxed conditions. It is interesting to compare the behavior of 
subjects in this experiment with that of the time-pressured subjects 
with whose behavior we have been principally concerned in this 
chapter. Consider the effectiveness of wholists and partists on com- 
parable three- and four-attribute problems. Without time pressure 
and proceeding at their own pace, wholists and partists do equally 
well: 80% of problems done by wholists were solved correctly; 79% 
done by partists. But with time pressure, 63% of problems done by 
wholists were solved; 31% done by partists. In short, time pressure 
has a relatively small deleterious effect on the success of focussing, 
ut a major effect on the success of scanning—literally halving its ef- 
fectiveness,* 

The reasonable conclusion, akin to the conclusion of the preceding 
chapter, is that the more a task increases the strain inherent in a 
Strategy, the more hazardous will such a strategy become. If one 
increases the number of alternatives to be kept in mind (e.g., Bruner, 

iller, and Zimmerman, 1955), or cuts down redundancy, or increases 
stress and time pressures, it seems reasonable to expect that a strategy 
requiring feats of memory and inference will suffer more than one not 
requiring such feats. 


STRATEGIES AS DESCRIPTIVE OF BEHAVIOR 

Early in the chapter the point was made in passing that the be- 
havior of our subjects conformed moderately well to the ideal strate- 
Bies we had described and that, moreover, the degree of conformance 


*There are several small differences between the major study yah _ 
Pressure w: lied and the pilot study without time pressures: principa 
the problems askin adie tick a e had fewer redundant instances than 
the 


problems. This probably contributed additionally to the differential 
effectiveness of the two strategies. 
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+ numbers of attribute values. More concretely, what contin- 
encies should a wholist or partist encounter? There may be one-, 
oh three-, and four-value hypotheses in the face of one-, two-, or 
three-value concepts. Begin with the presentation of a first instance, 
a positive card exhibiting one of three possible values of each of four 
attributes. The correct concept, let us say, is defined by one of the 
attribute values on the first card. The first card is “2ROI1b” and it 
exemplifies the concept “R.” Suppose the subject now adopts a one- 
value hypothesis consistent with the first instance. This could be 
either “2,” “R,” “O,” or “Ib.” Now we ask, what is the chance that 
a next card, chosen at random from the array of possible instances, 
will be positive confirming, positive infirming, negative confirming, or 
negative infirming? We know that one-third or 27 of the cards in the 
array are positive, ie., contain a red figure. Now the chance that any 
of these will be positive and confirming will be as follows. If the sub- 
ject has the right hypothesis, “R,” all 27 positive instances will be con- 
firming. If he has any of the three wrong one-value hypotheses, say 

“Th,” only nine of these will be confirming: the nine instances that 
contain both “R” and “lb.” Thus, the average theoretical frequency 
of positive confirming encounters on the first instance after the il- 

lustrative card is: 
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9+9+9+27 _jis5 
: 


It is in this way that the values contained in Table 5 are computed. 
They represent the average theoretical frequency with which a second 
instance in a series will fall into one of the contingencies when this 
second instance has been picked at random from the array of 81 pos- 
sible instances. 

It can readily be seen from this table that there is no chance of 
encountering a negative infirming contingency on the yor rape 
if one begins by adopting a four-value hypothesis (a who e ype h- 
esis). The smaller the number of values in ones initial hypot esis, 
the greater the likelihood that the next card will be negative ee 

is is true regardless of the number of values actually ita e 
Concept. Contrariwise, the likelihood of encountering 2 nega a 
confirming instance increases as the number of values in ones hypo 

“meson ects, it will be apparent 


If we now examine the behavior of our subj 2 a are 
that partists do encounter more negative infirming 7” saubeiicen 
wholists, and that wholists meet more negative confirming . 


Similarly, wholists will show a higher ratio of positive infirming to posi- 
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iki, 
TABLE ! Ri 
Number of Instances in the 81-Card Arra y T h ry mM the Average “all . 
Each of the Four Contingencies When me dopa Ete. Adopted Dif vi ti' 
Numbers of Values of the Initial Positive Card a. His Hypoth or 
Attribute Values in Hy ; 
Attribute Values i ibu lt pa Hy Pothesig % 
Defining Correct 9 E 
Concept Contingency 1 4 3 2 tv 
i PC 13.5 6.0 2.0 “ el 
PI 13.5 21.0 25.0 uw! 
NI PES 5 3.0 0.5 00 
v 
2 PC 6.75 4.0 2.0 La ; 
PI 2.25 5.0 7.0 8 0 | 
NC 51.0 66.7 7.0 ae s 
NI 21.0 5.3 1.0 0.0 fi 
ik v 
3 RE 25 2.0 leas 1.0 c 
PI 0.5 1.0 1.5 2 0 I 
NC 53.5 Zi-0 76.5 78.0 : 
NI 24.5 7.0 1.5 0.0 
tive confirming contingencies than will partists. Table 6 shows the ] 
average number of different contingencies encountered by subjects on \ 
problems begun with whole or with part hypotheses. 
TABLE 6 


Average Contingencies Encounter 


{ 
ed per Problem by Subjects | 
Beginning With Whole a 


nd Part Hypotheses} 


Initia] Whole Initial Part 
Contingency Hypothesis Hypothesis 
PC 0.7 1.0 
PI 1.3 1.0 
NC 3.4 2.8 
NI 0.4 1.0 
Total Contingencies 5.8 5.8 
In general 


* For this array adoption of a four-attri 
approach. 
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othesis. If the wholist strategy is fully followed, nega- 
, whole contingencies cannot occur. But they are encountered 
ve nf of 0.4 times per problem per subject. These negative 
ga AEE agencies arise from subjects’ occasionally departing 
ct ats of the strategy. Outside of this one discrepancy be- 
om i general observed and expected incidences of contingency 
wee the agreement is more than sufficient to demonstrate the 
utility. of describing and analyzing performance in terms of its con- 
formance to ideal strategies. 

The Incidence of Complete Adherence to Strategy Rules. To 
what degree, given a part or whole hypothesis, do subjects conform 
respectively to the rules of the scanning and focussing strategies—the 
strategies ideally suited for modifying such hypotheses? The bare 
findings can be stated quickly. Of the problems that were begun 
with a whole hypothesis, 47% were followed up on all subsequent 
contingencies with complete adherence to the rules of focussing. Of 
problems begun with a part hypothesis, 38% were followed through 
with complete adherence to the rules of scanning. 

This incidence of complete and correct adherence is strikingly high. 
Itis even more so when we inquire how they compare with what one 
would expect by chance. What is the chance expectancy for strict 
adherence? 

There are various chance models that one can employ here: robots 
a if you will, with differing amounts of inference and memory 
a hia A Somipletely stupid robot, one who is as random as we can 
For 3% eg emit an hypothesis after each instance Be no bias. 
rented ae: e gee not even pay attention 2 the card sp ae 
dogs ia: is means that for a four-attri ue array, ‘ 2 
aera ifferently among the 256 possible hypot eses in terms . 

v6 last € array of instances may be subdivided into ote at 
pot rrr are presented, and he must do cate avae seat 
it then aon. an anstance is encountered even bs ee 

é ances of obtaining any particular set of five yp 

‘r the five instances would be one in 2565 and this is a very small 
Pe se indeed. And this, of course, is the probability that hypoth- 
ore be changed consistently according to rule over five in- 
But surely this is too stupid a chance model to be anything but 
rte Let us construct a robot whose only rational property is that 
€mits an hypothesis upon the presentation of an instance that is 

“onsistent with that instance. On the first instance and indeed on 
‘ty instance, his chances of choosing a particular hypothesis would 
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One could go beyond the last model Proposed and construct robots 


with better inference Capacities and with the ability to store informa. 
tion from past instances. 


But this can only end in the construction 
of a model that shows the same rate of adherence as our subjects 
While this might be a useful exercise in model construction, it is not 
within the ran 


8e of our task. Our effort has been to show. simply, 
that the rate of adherence to the Tules of strategy was greatly in 
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peceP us freque ntly during the last ten years. All or some of these 
est 0° taken initially as a relevant hypothesis about the “cause” of 
gnust the lung. From then on, “freedom” consists in the handling 
cet “contingencies: a problem-solver will encounter exemplars and 
of Se aplns of the category for whose definition he is searching, and 
ee these will perforce confirm or infirm the hypothesis he is enter- 
wining at the time of encounter. What the problem-solver must learn 


is how, to modify his initial hypothesis upon encountering each kind 
of contingency. And this task, we have seen, is bound by the nature 
of his initial hypothesis. In the main, the focussing strategy appro- 
priate to an initial whole hypothesis is less demanding both on in- 
ference and memory than the’ scanning strategy required to make 
good an initial part hypothesis. 

It appears that far more people prefer to start with a whole hypoth- 
eis than with any other form of hypothesis. Moreover, people are 
consistent from problem to problem in their initial approach. It 
further appears that, whether one prefers a whole hypothesis or a 
part one, one is likely thereafter to conform to the rules of the appro- 
priate strategy overwhelmingly in excess of chance. 

Because the appropriate scanning follow-up to a part hypothesis is 
more mnemonically and inferentially demanding than the focussing 
follow-up to an initial whole hypothesis, the former strategy may be 
considered more vulnerable to all those conditions that would make 
record-keeping difficult. An experiment illustrating one such condi- 
tion has been reported. The condition is the effect of time pressure: 
reducing the time available for the subject to weigh, consider, or 
generally reflect on the nature of instances encountered. When such 
time pressures are applied, we find that the damage done to the user 
. ri memory-bound part hypothesis is more severe than the damage 

eats The former cannot apply the rules of bie are 
bess th, y and one finds a sharp decrement in the proportion p 
at are successfully solved. 
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There are certain interesting ways dam 
from comparable problem-solving ths yd 
in the sheer concentratedness of the tas : 
such a rate with new instances to a. 
subjects are required to retain only one ae, 
shielded from other distractions. Our subjec ts st 
without the aid of such enormously eegrant c Se 
and paper with all that these can do for us in extending i 
limited range of memory and attention. Interesting Ly enough, hoy, 
ever, we find that allowing the use of pencil and Paper and easy ,, 
cess to a record of past instances does not necessarily give an advan. 
tage in performance. (Cf. Goodnow, Bruner, Matter, and Potter 
1955.) Another difference between our procedures and what hap. 
pens outside the laboratory we know from the preceding chapter 
The materials with which our subjects deal do not lend themselves ty 
thematizing, to encoding in the form of little plots or themas, Thi 
abstractness of the materials is, we know, a mixed blessing. On the 
one hand, it saves the problem-solver from his preconceptions as to 
what is relevant. But on the other hand, it prevents him from using 
the wonderfully diverse methods of conserving information through 
ao to familiar themes, the methods whose strengths and 
eaknesses are so vividly told in Bartlett’s classic Remembering 
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bi keeps = pabjects going. eis ; notives are also 
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T da in the situation, the act of ovtting mrormation takes on 


ee ignificance. It may mean to the subject “I 


hi alowict!” =e 1 am a bright 
x if C! Such Shin ct. 
fellow” OF “Til show this psychologist!’ Such extrinsic consequences 


of information-getting pay’, of course, alter the patterning of the 
pehavior observed in our subjects. It is conceivable that had we 
exposed our subjects to the kind of status stress employed by Postman 
nd Bruner (1948) in their study of perceptual recognition, there 
would have been less incidence of adherence to strategy. We do 
not mow. Obviously, our experiments are neither a proper sampling 
of real-life situations nor of the kinds of stress that can be applied to 
subjects. Such research remains to be done. The paradigm we 
have used will serve, we hope, to make that later research more 
technically feasible. 

One other feature of motivation distinguishes our subjects from, 
say, the average scientist working on a comparable scientific problem. 
Our subjects had no passion to prove that a particular attribute was 
the correct attribute in the sense that Broca was impelled to prove 
that a particular brain center was responsible for human speech. 
This is a matter of importance, and it seems not unreasonable to 
extrapolate from experiments in the preceding chapter, that had 
there been such an investment in a particular attribute there would 
have been far more part-scanning. The preference for wholist 
focussing probably reflects a certain dispassionateness among our 
wee with respect to the attributes that were used in the experi- 

ent, 

Finally, one general point needs to be made. In dealing with the 
Koes conceptualizing arbitrary sequences, human beings java 
strate ighly patterned, highly “rational manner. The concep ’ 

» egy has made it possible to describe this sequential patterning. 
‘ih only when one departs from the analysis of individual acts-at-a- 


poment that the sequentially coherent nature of problem-solving 
Comes clear. 
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he conventional strategies of attempting to isolate those 


Ag an example of disjunctive concept attainment, take the brain 
matomy problem discussed earlier. A neuroanatomist js trying to 
tnd out which of six cytoarchitectural areas of the cortex are necessary 
in order for an organism to show pattern vision. The class or concept 
being sought is “brains adequate to mediate pattern vision.” Six 
cortical areas provide the attributes to be explored for their defining 
value, and each of these “attributes” has two values: it may either be 
intact or destroyed. All that our neuroanatomical problem-solver 
knows is that brains with all six areas intact exhibit the capacity for 
pattern vision; brains with none of the areas intact are incapable of 
mediating pattern vision. 

If the class, “brain capable of mediating pattern vision,” were 
disjunctive, experiments would in the end show—to give one example— 
that so long as either or both of two specific areas are intact pattern 
vision can be mediated. In this case, two of the areas, call them I 
and II, are defining attributes; four of them are “noisy” or nondefining. 
The defining properties of a brain capable of pattern vision, then, 
Would be “instances of areas I and/or II.” We say that “experiments 
Would in the end” show this. But the fact of the matter is that in 
‘tiving at this end there would be interminable ground for contro- 
Yersy, unless at the outset the essential disjunctiveness of the concept 
a been recognized. If the assumption of conjunctiveness a ag 

__ wientist, having found that destruction of Area I disruptec 
eS Vision, would publish an “Area I theory.” Another, finding 
ee I produced pattern agnosia, would ep a 
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e very first example given at the beginnit ¢ book: to 
member of the class admissible to the Altavista civic \SSOciatiy 
a must either reside legally in Altavista, or own [ ya rty there ,, 
be engaged in business within the town’s limits. Any ONE oF an 
combination of these suffices for eligibility. One can predict from 


defining attributes to class membership with esinty ; If one knoyg 
that Mr. Smith has a legal residence in Altavista, then one know, 
with certainty that he is a member of that class of human beings 
eligible for membership in the local civic association. 7 But if, on the 
other hand, one knows only that Mr. Smith is so eligible, one cap 
make no inference with certainty as to the nature of his defining 
characteristics. You will not know whether Mr. Smith lives in the 
town, runs a business there, owns property there, or is marked by all 
or some pair of these characteristics. Thus, knowing that a particular 
instance exemplifies a disjunctive class does not have the same pre- 
dictive value as knowing that it belongs to a conjunctive class. A 
positive instance cannot help one as much in the task of locating 
defining attributes. This is the first difficulty and it leads immediately 
to a second difficulty. 

We have often mentioned the preference for direct test shown by 
subjects. In attempting to gain information about the defining 
— - a concept, subjects seek to test directly whether a given 
attribute value is or is not relevant. Our neuroanatomist will want 


to investigate each area directly: . 
y: seeing how it o intact, 
what happens when it is ablated. 8 perates when in 


I eas ; 
the usual methods of testing d; n the case of disjunctive concepts, 


prove to be inadequate. The En elevance of ee eetributes 


: usual conjunct; : 
simple. One takes an instance t i ymnchve method is very 


To find out, we change one oy ea for its being an exemplar? 
resulting instance js Positive, then ae qoute values. If the 
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anged attribute or attributes 
It is negative, then the 


Thi ae 
gon part of the usual Mode of . - * deed 
Solving. See how inappropriate it perating in 
cepts. Fat the 
Let us work with the 
rae €xamp] 
local civic association, Genk =“ People who 
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a ™Maginary are eligible for the 
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er Rise. Our investigator has the Satie wi by ia 
town ® le eligible for the civic associati 9. RE 
makes os the only attributes worth considering are whether on acs 
a hn legal residence in Altavista, is in business there. - a 
pee there. We give him as instances to test a list of 100 people 


“no represent all the variations of the three attributes, each with its 
two values. He chooses as a first instance to test somebody who 
ives in the town, owns property there, and runs one of the town’s 
shops. He is informed that the man is eligible. He then chooses 
another person, one who has in common all but one characteristic: 
this man does not work in Altavista. He is told that this man too is 
eligible. But it will be the investigator's undoing if he assumes that 
the attribute he has changed is irrelevant to the concept because the 
change did not result in a negative instance. In sum, no direct test 
premised on the progressive change of a positive instance is possible. 

What this means, of course, is that the investigator will have to 
devise a solution for approaching the concept “from the outside in.” 
That is to say, if he is to use direct testing at all, he will have to start 
from the base of negative information. In terms of our example, 
one must start one’s search for the definition of an eligible member 
by first finding someone who is ineligible. Then, keeping firmly in 
mind the characteristics of this negative case, one must find somebody 
Who differs from him in one characteristic. If the new characteristic 
makes the difference of rendering a person eligible, then obviously it 
~ “Televant attribute, and the value of the attribute that is defining 
* the one that characterizes the exemplar. In point of fact, it is 
difficult for subjects to proceed in this way, for most of our testing of 
the environment seems to be geared to working with positive instances 
and with variations on these. 

fre, then, we have a type of category that at best seems clumsy. 
. members do not share the same defining attributes. In pat 
ce om cannot infer much about the defining attributes - i, 
0a simply by virtue of knowing its category membsey ue: eal 
ex sity of using the “common features” of a collection 0 pes i 

“mplars is ruled out. Such concepts have the property, analy, 

Ps 2 locate or learn their defining properties one seit 3 
1S not Buds —by taking as a focus an instance of what the c g 


jetore turning to the analysis of the behavior of subjects Ah pe 
the s 'syunctive concepts, we should do well to look more closely 
‘us of these concepts in everyday life. 
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DISJUNCTIVE CONCEPTS IN EVERYDAY LIF} 


ae 7 f 
When one examines culturally defined f 


concept—social groups, for example, of ees he Professi, 
one finds that there is a tendency for disjunct definitions , 
modified over time into more easily grasped conjunctive forms 
professions provide particularly striking examples of this. The ca, 
gory or concept, “clinical psychologist,” is a nice contemporary 


“practicing mental healing” has consequences for the public weal, jt 
is necessary to control socially the appropriate defining attributes of 
practitioners. At the outset, before stringent control is imposed, the 
defining attributes of the class, “clinical psychologist,” tend to be 
disjunctive. That is to Say, a person who has had graduate training 
in psychology may be eligible in the sense of actually practicing; so 
» without benefit of academic training, have 
had experience in dealing with disturbed people in a hospital setting, 
cr mae : - in some other way. Thus, the qualifications 

ther-or affair. What is typical when social control is 
lly regulations are Passed serving to “regularize’ 
ss. Almost invariably, such 
he definition of the class 
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a e where inclusion or noninclusion ; Oe ee a 
instance a : ven class or 
ienoe consequence to the individuals involved. but where 
roup rs, a ; oe, : Or JUT See 
rofessionalizing P . ipl ai cat “ive. Lake as an example 
she concept of the ig in 3 cu ture. It may include a person of 
wealth, or a member of a distinguished family, or a distinguished 


ractitioner of a certain profession (not necessarily highly remunera- 
tive), or any combination thereof. To simplify or render conjunctive 
such disjunctive definitions of “elite,” we create institutions which 
ut an official “brand” on individuals so that the brand may serve in 
lace of the disjunctive attributes. Who's Who, the Royal Society, 
the French Academy, and the system of starring in American Men of 
Science are a few cases in point. 

Finally, the realm of science provides a wide variety of examples of 
“justifiable” suspicion of disjunctively defined concepts. In physiology 
and physiological psychology, disjunctive concepts have often later 
been converted into conjunctive or relational terms. The sensory 
physiology of the skin was for a time bedevilled by the phenomena of 
paradoxical cold and paradoxical warm sensations. It had been 
observed by von Frey, by Alrutz, and by Thunberg (cf. Boring, 1942) 
around the turn of the present century that a sufficiently cold stimulus 
applied to a certain area gave a sensation of warmth but stimuli of 
higher temperature applied to the same area would under other 
Conditions give a cold sensation. Similarly, it was found that a 
stimulus of sufficiently high temperature gave a sensation of cold 
when applied to a certain spot, yet cooler stimuli than this applied to 

€ same area would give a sensation of warmth. In essence, then, 
the definition of a “stimulus adequate for producing a cold sensation 

“came disjunctive: sufficiently cool or sufficiently warm stimulation 
to an area of the skin could produce “coldness,” the criterion attribute 
of the class, A similar disjunctivity characterized the class of 

“armnth-producing Stimuli”. To good season, the explanation turned 
ut to be relational: depending upon the adaptation level of the re- 
“eptors of the skin, an area stimulus would produce warmth or cold 
°S a function of its relation to the adaptation level of the sa 2 
a Below the level, it produced cold; above it, shi ae 
ee was merely an artifact of incomplete experiments 

; iti f 
» Parallel Case can be found in the mk nae emer 
ice _Peutic agents capable of relieving swelling of 4 


Ce y ws that 
Pack or hot compress. Closer examination of the sige ote 
“2n be defined in terms of their relational position to temp 
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at the site of injury: marked deviation fron pela 
either direction is what produces the increas rculaton 


The organism is reacting homeostatically to any i Bales 
normal range of temperature. | 

So frequent have been these instances of eventual obsolesceng, 
disjunctive definitions of classes of events that the very discove,, 


one such seems to act as a challenge to future research rather thay .. 
an occasion for celebrating a “finding.” If one finds, for examp) 
that insulin subcoma, electroshock therapy, and narcosynthesis .j 
produce an increased rate of remission in schizophrenic psychotics 
one is immediately tempted to inquire what these three forms 
treatment have “in common’”—the assumption being that some rela. 
tional or conjunctive way of defining “adequate treatments for 
schizophrenia” must be forthcoming. And, indeed, they usually are 
One eventually begins to wonder whether Nature herself does not 
abhor disjunctive groupings! 


AN EXPLORATORY EXPERIMENT® 


The exploratory experiment with which the remainder of. the 
chapter is concerned was designed to examine the manner in which 
intelligent adults go about the attainment of disjunctive concepts. 
The subjects, again students in Harvard College, were 50 in number 


and were divided into five or 2 
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. themselves to one hypothesis after eq a ae 
ltt odes than one and often offered non: brite 5; 
en stimulus array was always in view of the sy, Pact tt Fe adie 
pi of the combination of four attributes, each with fees Pr. 
iotalling 16 instances. Fach instance contained two figures: a small 
one and a large one. The small figure varied in color (black or yel- 


iow, b or y) and in shape (rectangle or triangle, r or t): the large fig- 
we varied in the same way: yellow or black in color, (B or Y), 
rectangular or triangular in shape (R or T). Thus, a given instance 
might be a small black rectangular figure and a large yellow triangu- 
lar figure or any of the 16 combinations possible in such an array, 
The cards were set out in a random array on the board. 

Each subject had three concepts to attain, and all of the concepts 
used were defined by only two attributes. The subject was told this 
in advance and thus always knew that his task was to find which two 
attributes and their values were relevant for defining the concept. 
Thus, a concept might be a “small triangle or a large rectangle or 
both,” and any instance that had either a small rectangle, or a large 
triangle, or both would be positive. Now, in this array, four instances 
would contain one half of the concept and thus be positive, four others 
would be positive because they exhibited the other half of the concept, 
and still four others would be positive and contain both features of 
the disjunctive concept. In all, then, 12 of the 16 cards would always 

© Positive, the remainder negative in the sense of not exemplifying 
the concept, 

There are in such an array as ours 24 different ways of grouping 
the Instances into two-attribute disjunctive concepts or categories. 
he 24 Possible concepts can be summarized as follows: 
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mber of Possible Concepts Logically Elimin: ted Aj 
at Follows the Presentation of an Illustrative Card 


Illustrative Card 


Positive 


1NESAative 
Diff. (18 Possible Concepts Remain) (6 Possible ¢ Yoncep ts Remain) 

Between Se - SS oeae ails Se 
Iilust. Card — Positive N egative Positive Nemes 
and Choice Choice Choice Choice Choice 

1 3 15 3 3 

9 5 13 1 5 

3 6 12 0 ae 

4 6 12 0 oe 


Several things about Table 7 Should be noted. The first is that, 
after a positive illustrative card, a choice that turns out to be negative 
eliminates far more alternative hypotheses than does a positive choice. 
This is so no matter how many attribute values differentiate the illus- 
trative card from the first choice. I the case of choices after a nega- 
tive illustrative card, it should be said right off that there does not 
exist a negative instance that differs in more than two attribute values 
from the illustrative card, since the correct concept is defined by two 
of the four attributes. But if the subject should choose a card that 
differs in two attribute values from the negative illustrative instance, 
and if it should turn out to be negative, then he eliminates five of the 
six temaining hypotheses and, of course, can solve the problem. The 
choice of a positive instance after a negative illustrative card can yield 
relatively little information and indeed will be redundant if the choice 
tepresents a change in more than two attribute values of the illustra- 
tive card, 

It is possible to construct a table to indicate the informational status 
of second choices, but little would be served by going through the 
ee) The same general rule can be stated that negative instances 
Will, on the whole, tend to be more valuable informationally than posi- 
tive instances. 

hat we have described thus far is the formal informational i. 
8ical Value of instances encountered in sequence. From this type 
— ysis we know what is the maximum information that be ne 
Infor ‘om any instance. This is, let it be said, a " epee 7 
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relevant), “<e 

Second choice ytBT (—) eliminates ] Possibility, 2 remain (B is ir- 
relevant). 
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the multiple negative strategy. 

A few examples of how one may go right and go wrong with the 
multiple negative strategy will provide a picture of its strengths and 
weaknesses. Suppose the correct concept is a small yellow figure and 
a large rectangle (yR). The most auspicious circumstances for cor- 
rect solution is two negative instances that share two common values 
and differ in two others: 


ie card brBT (—) eliminates 18 possibilities, 6 remain. 
olce btYT (—) eliminates 5 possibilities, 1 remains. 


aa - ae share the values bT. The opposites of these two 

coneept On fs en properly as the correct concept. The correct 

case can he hd etely determined by the two instances. The worst 

letterand a escribed as one in which the strategy is followed to the 

© comect ¢ wrong answer obtained. An example is the following, 
oncept again being yR. 


Mlustratj 
lustrative card ytBT (+) eliminates 6 possibilities, 18 remain. 


race yrYT (+) eliminates 5 possibilities, 13 remain. 
ird choj at brBT (—) eliminates 3 possibilities, 10 remain. 
Ourth ch ‘a yrBT (+) eliminates 2 possibilities, 8 remain. 

Rice btBT (—) eliminates 1 possibility, 7 remain. 


F : 
ro ing this sequence, the subject finds three values common to nt 
Positive? en Instances encountered: b, B, and T. He examines t 1e 
stances to find the opposite values and finds the opposites 
and B. He then concludes that the correct concept is y and/or 


~an j , 
it j " Incorrect deduction. At best, the strategy is excellent, at worst 
: Always it 
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CONJUNCTIVE TENDENCIES IN ATTEMPTED so) UTIONs 


The most general statement that can be made about attemp,. 
attain disjunctive concepts is that they seem on the Whole to | 
signed to attain conjunctive Concepts. In spite of ¢] 
disjunctive concepts and their properties had been car 
Subjects showed regularly what can only be called 
encies”: making choices and using information in a manner specifica), 


Suited to the solution of conjunctive concepts and unsuited to the solu 
tion of disjunctive ones. 
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the other because it contains the othe, 
jtpibutes, Jues defining the concept. 

‘bute vat . 
at jg a rather roughshod form of the comn 
we marking. This we have called the majorifs, 
wort se the common element of an array of Positive 
than y formulating an hypothesis, the subject will use tho 
om that occur in a majority of the positive instances he has en oun- 
tered. The origin of the fallacy is readily understandable. The syb- 
‘oct attempts to use the common-element strategy, but he is faced with 
the fact that there is no element or elements common to all the posi- 
tive instances encountered. In formulating his hypothesis, then, he 
will choose those attribute values of the array of positive instances en- 
countered which come closest to being common elements. 

The next form of inappropriate strategy is not so “bad,” perhaps, as 
those already discussed. Its difficulty rests on the failure of the sub- 
ject to bear in mind what can make a positive instance positive when 
dealing with disjunctive concepts. In simple form it consists of the 
enor of assuming that a positive instance is positive because it con- 
tains both values defining the concept. In this erring strategy, which 
we call positive anchoring, the subject derives his hypotheses by com- 
paring a negative card encountered with a positive illustrative instance 
he has been shown and adopting those two values of the positive illus- 
tative card that distinguish it from the negative card. It is very 
tempting and can be readily verbalized as “choosing the two things 
that the positive card has and the negative one doesn’t.” While it is 
an ideal conjunctive strategy, it leads to grief when applied in the 
Present case. The subject has been told that the concept is defined 
by two “either-or” attributes. He has before him a positive illustra- 
tion of the concept and a negative instance, differing in two values. 
Now, if the positive illustrative card contained both values defining 

© concept, the subject’s hypothesis would be completely correct—al- 
though, Paradoxically enough, the two instances before him would 
= contain sufficient formal information to make the hypothesis cer- 
tain, Indeed, the strategy is a “gambling” type of negative focussing, 

Mt if, as in 70 problems worked by subjects, the initial positive illus- 

nin is positive because it has only one of the defining values, then 

i cannot be correct. : » ase of the strategy—the 
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Illustrative instance yrBT (+) eliminate ‘ 
First choice brBR (—) eliminate 


Hypothesis: yT. 


By following this strategy, the subject is < 

there remain 13 possible but untested hy poth 
When it occurred, we scored it as an approp! 
were free to offer hypotheses after each choic. 
one to offer. Consider, however, an unfortun 
Again the correct concept is yT, but the positiy 
contains only one of the definin g values of the co; 


Illustrative instance yrBR (+) eliminates 6 possibil 
First choice btBR (—) eliminates 5 possibi 
Hypothesis: yr, 
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i” occur in the majority of the Positive instance 
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in sample of this maneuver is provided by one of , 
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Conte instance brYR (+) eliminates 6 possi 
pirst choice brBR (+) eliminates 3 po | 
eed choice ytBT (+) eliminates 6 possil 
Third choice brBT (+) eliminates 2 p é 
Fourth choice btYR (—) eliminates 4 possibilities 
Fifth choice yrBT (+) eliminates 0 possibilities O remain, 


Hypothesis: rB 


As before, the hypothesis is consistent with the negative instance 
The elements of the hypothesis are chosen from those attribute scales 
that occur in the majority of the positive instances encountered. The 
fnal choice made, after encountering a negative instance, is in the 
nature of a check. 

Both of the strategems just described, positive anchoring and ma- 
jority anchoring, are not bad compromise strategies. It a readily 
be demonstrated that when an hypothesis is formulated with the sole 
property that it is not ruled out by a negative instance encountered, 
there is one chance in six of hitting the correct concept. This follows 
from the fact that, first, a single negative instance encountered in the 
present experiment eliminates 18 of the possible 24 disjunctive con- 
oe oe can be constructed from two attribute values. Second, if 
tc subject will only avoid stating an hypothesis that has something 
i common with this instance, he has done what is tantamount to 
ee a eation it contains. In essence he treats the negative 
aie ots if it were the first instance encountered. So long as he 
pan “ ” one between his hypothesis and a negative instance, he 
The eee to six hypotheses, and one of these must be correct. 
fothig y “ the two strategems just described is that the subject eas 
Sia a .. atever either from anchoring one of these six hypot - 
“majority sight positive illustrative instance oF from ‘asirae . i 
ea attribute values of a set of positive instances as a ae ies 
Tect es the six. In each case, his chances of hitting * : . 
in six, ept upon formulating an hypothesis remain precisely 
ae finally summarize the various strategies and fallacies before 

RE the conditions that predispose subjects to use them. 
as ‘as tate Strategies. Here we include negative Spanier “8 ae 
the fo a efficient multiple negative strategy. These con 

ng inappropriate strategies. 
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Common-Element Strategies. These include 
ment strategies based solely on the _ elen 
positive instances as well as the a, su ‘ : ap | 
where the subject's hypothesis is made to be consis 
instance as well. . | 

Majority Effects. Here the subject builds his 8 
those attribute values that appear in the majority DOSitive ¢ 
stances encountered. The more subtle form of the ; ity effe; “st 
also marked by an hypothesis consistent with a negatiy, beet: 
encountered. 

Positive Anchoring. This includes only those case: : 
problem with a positive illustrative card containing but one defining 
attribute value. The strategy consists of choosing the two values tha? 
distinguish a negative instance from a positive illustrative card as one’. 
hypothesis. If the positive illustration contains both defining values 
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the hypothesis is automatically correct. Such cases were scored as 


appropriate strategies, for they are good examples of negative focus- 
sing. : 
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a ae of the majority-effect strategy. 

use of positive anchoring. 
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even with a relatively gifted group of subjects, it is the excep- 
son for problems to be attacked by the use of informationally efficient 
strategies. Nor did there appear to be much learning over the course 
of the three problems. Close to half of the subjects attacked all of the 
| roblems by inappropriate strategies and a few did all of them appro- 
riately. As for the remaining half of the subjects, they showed no 
consistent learning trend, approaching one problem appropriately and 
then going about the next in a highly wasteful way. But such erratic 
performance must be understood in the light of our procedure. For 
: it was the case that a subject might go about his task in an exemplary 
manner on one problem that began with a negative instance, and then 
boot completely the next problem that began with the presentation of 
a positive instance. In any case, it is not surprising that three prob- 
lems do not provide a sufficient occasion for learning, for we know 
strong “antidisjunctive” tendencies exist in intelligent adults that prob- 
ably require prolonged buffeting before they are abandoned. 
What leads a subject to attack a disjunctive problem appropriately? 
We had better first understand what is meant by “attack.” A subject 
* presented an initial card: an exemplar or a nonexemplar of the dis- 
Junctive concept whose defining properties he is to discover. He 
chooses instances to test. In time, he offers an hypothesis about the 
pe — values that he believes define the concept.” It is — 
- st hypothesis that we are concerned, and it is offered on a 
wtage after the subject has made 4.4 choices. It is the behavior 
fa’ NF ss th is first hypothesis that concerns us and ae _ 
why w Subject’s “attack on the problem.” There are seva ‘s ‘conta 
cj ‘ © choose to concentrate on this feature of behavior. 1 ‘ 
m among them, as we shall see later, is that the most generat con 
are able to reach about disjunctive concept ee 
concentenee oe is half done.” There was also @ See dapat 
Were ioc: eee pontesés-»/ Subjects, ne wis hypotheses as 
to go on choosing instances and offering MY] 


NE as thei: . : ee on the correct 
Ret, etic held out or until they finally hat ee 


In fine, 
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q oyimenter. 
Ypotheses about single attributes were not responded to by the expe™! 
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difficult to di 9 Ff Thing. 
: imcult to discern jy / in 
answer. It is extremely , Phi oo S that... 
subject’s choice after he has offered his firs; i: Buide, 
that it is wrong. Nor did the highly contort: Zationg ; tol 
jects help us much in determining what was x | Bid sub. 
lly analyze the pattern of choices that lead - atone 
a solution. Indeed, the procedure utilized for g the fie ‘ 


pothesis was to determine which of the eeeral mt 
and only strategy that could describe the set of ¢ 
correct hypothesis—and the reader will recall] that 01 
lems were unclassifiable by the use of this method. _Later, in conside,. 
ing success and failure, we will examine in more det ail what kind o 
behavior one finds after a first hypothesis has proved wanting. Fo, 
the time being, then, our interest is in the initial attack employed. 
As we have said, the good luck of beginning one’s search with a 
negative instance is a critical determinant of whether or not our sub. 
jects adopt an appropriate strategy. The facts are quickly told 
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48% of problems begun with a negative instance were attacked appro- 
priately, 


gun with a positive instance were attacked appro- 


ut in a sense, the “facts” are somewhat misleading, for the critical 
matter is 
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‘ + choice is not conducive to continuing with an ap 
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* eg . . sx nee F is ? — ALL 

i) = hether a subjects first choice is a big change or a small 
jpstance, : J Se a7 ani “ a small 
a The first hypothesis was determined by an appropriate 


g1% of the problems begun with a negative instance where the first 
choice was a small change, and in 
15% of such problems where the first choice was a big change. 


Where the initial instance presented was positive, the nature of the 
subject's first choice made no difference as far as leading to the 
adoption of an appropriate strategy. But it did make a difference, 
__ aswe shall see now, in terms of whether he was lured into a common- 
element strategy. 

| The common-element strategy—the use of those values common to 
positive instances encountered as a basis of one’s hypothesis—is the 
most frequently employed by our subjects: nearly four in ten of the 
problems were attacked in this way. Again, the utilization of such a 
strategy seems to depend heavily upon the fortunes of one’s first 
encounter and upon the nature of one’s first choice. Here we can 
paraphrase the proverb by saying that “Badly begun is to be undone.” 
If one begins with a positive illustration and follows it with a small- 
change choice, there is a very high likelihood that one will encounter 
* Positive instance and so too that one will fall into a common-element 
Stategy. But if one makes a big change, the likelihood decreases 
markedly. The opposite holds for problems begun with a negative 
illustration: a small change minimizes the likelihood of falling into a 
‘ommon-element attack; a big change makes it very likely. The data 
ate as follows. 


othe problems begun with a positive illustration and gio 
ster small-change choice are attacked by 4 common-eleme! 
a egy. 
25% of the problems begun with a positive illustr 
14% 2 Dig-change choice are attacked by a commo 
the problems begun with a negative illus 
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It is very likely that ao: tra 
perceived similarity of an i im a 
A subject is shown a card bearing four Vi A 
illustrates a concept. Now he chooses an instanc 
the illustrative instances in either of two respect: 
constitute it and/or in its positive or negative stat 
card is similar to the illustration both in half or mor« 
in its positive illustration of the concept, then it is highly t 
proceed by considering what is common to the two instances and ty 
all instances chosen thereafter. Now it happens that in the array 
used in this experiment (the 16 combinations of four attributes, each 
with two values), there is a very high probability of encountering 
another positive instance if the subject chooses a card differing from 
a positive illustrative card in only one or two values. Indeed, the 
probability when choosing “small-change” instances is 0.73. This 
means that many subjects are hitting a first choice that resembles the 
positive illustrative card in at least half its values and in its status, 
It is not Surprising, then, that many of such subjects fall into the 
common-element fallacy. 
: oe s” who start with a positive illustration also have 
ees oe es choosing a Pesitie card: 0.71. But here the 
iffer markedly. 
There is much less 
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a se of its intrinsic interest, and partly as 
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patty the temptation to error. Error is not random, i 

inal certain systematic characteristics of the members of :; 
response i instances that one has sampled in search of a concept. 
pniverse eerence for conjunctive concepts and given an en Suehes 
. * of instances that have much in common, the tempt 
i. elements as a basis for forming a concept becomes 


strong indeed. ; | | 
To sum up, the following general points seem to be in order. For 


a person inexperienced in dealing with disjunctive concepts, two 
factors seem to account for whether or not he will adopt an appropri- 
ate strategy. The first of these is whether he has been fortunate 
enough to begin with an illustration of what the concept is not: a 
negative illustration. The second is whether he makes a first choice 
of an instance that stays close enough to the first negative illustration 
to permit the use of a negative-focussing procedure. The latter step, 
“saying close to the negative illustration,’ may be intentional on the 
part of the subject and may reflect the choice of a strategy, or it may 
be accidental, in which case the accident is a happy one for it permits 
the person to recognize that a negative-focussing strategy is possible. 
In any case, what is necessary for an efficient solution of a disjunctive 
problem is that the person begin his solution from “outside the 
category” and proceed into it. A negative illustrative instance helps. 
Two or more negative instances the mirror-image of whose common 
Values can be used for formulating an hypothesis also help. A 
. Soe hinders. So does anything that tempts the subject 
Feat er the similarity of a set of positive cards, as in the see 
oa eo eey In the end what helps most of all is na ae 
and en instances—both informationally and psycho opica = 
at hinders most of all is a series of similar positive instances. 
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UCCEss AND FAILURE 


far our concern has been exclusively with the process 2 
whether and we have, we think, properly avoided the question 0 
T Or not subjects “solve” the problems given them. For 
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This solution does not require an intel] , ge 
it require an organism: a random numbe; 
What we wish to know is whether a sub aaa 
choices in such a way that he achieves the all 
reasonable minimum of choices. In the pre 
minimum’ will depend upon whether the ; 
with a positive or a negative illustrative instar 
negative instance eliminates 18 and leaves 6 | 
possible, while a positive instance eliminates 6 | 
efficient method of choice following exposure to a 1, ative illustyas 
card should require only three instances to eliminate all byt One, th 
correct concept. F ollowing a positive illustration, f 
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Ve choices show] 
suffice. These are the requirements for the maximally efficient Strate. 
gies possible. 

On 30% of the problems undertaken, subjects managed to obtain 
Tequisite information in the reasonable minimum of choices, I, 
the other 70%, choices were of such a kind that they were either 
redundant or contai 


. "1. summed they 
failed to meet the criterion set. 


first hypothesis. If he did 
Sets requisite information in the 
ot, he fails to. Take first the 
There were 86 of 
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It determination in the minimum number of choices. for 
pot gut ropriate strategies ( particularly where “big-cha BS ite 
ak can lead to the choice of redundant instances. ‘ ss 

or consider success in the more conventional meaning of the 


g 
term: attaining the concept correctly. Recall that when a subject 
sated the correct concept, he was told that his answer was correct 
and the problem was terminated. Two kinds of success may be 
distinguished here: correct statement of the concept after the subject 
has chosen instances that, formally speaking, contained enough 
information to permit full determination of the correct answer, and 
correct statement of the concept prior to achieving enough informa- 
tion, Call the first “full determination,” the second “good guessing.” 
Sixty per cent of the problems were solved with full determination, 
nearly all the remainder with good guessing. Given the fact that 
the subject could take the whole day on a problem if he had the time, 
it is not surprising that only a small handful of problems went 
unsolved, 

_ With respect to the frequency of solution with full determination, 
it makes no difference what kind of strategy one employs given the 
fact that we let our subjects go on choosing instances, All that we 
can do is compare the efficiency of the performance en route to 
Solution, and as always the best measure of efficiency is the number 
Fe edundant instances a subject chooses over and beyond psd 
fs x that provide full determination of the concept. If we ta ; 
ot ecm mark against which to compare efficiency the ta 
oe an three redundant instances prior to pdiiraes. a 
Priatel somewhat more than half of the subjects who sme pie 
es 7 Sxoeeding. this figure, but only a fifth of cen Ww 
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Or take good guessing. Thirty-three 
begun inappropriately were solved in th; 
appropriately. A better measure is provid 
guess that succeeded. This can be stated 2: 
still formally possible when the good gues: 
begun appropriately, a mean of 2.3 alternati 
those begun inappropriately, 3.7 remained. 

We end this section where we began it. Starting a py ] 
appropriate strategy, while not a guarantee of suc 
prognostic of success than starting it inappropriate] 
begun is half done. 
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fie able to use negative information—instances 


willing a is not—in the process of attaining a concept. 
carries over to disjunctive categoriz- 
otances } ation isnot preferred, perhaps simply because it 
ative informe” erhaps for other reasons. In any case, 
>... ie information and when such informa- 
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ws ‘what something is not. 
'% The objective of this chapter has been to explore the mariner in 


hich human cognitive behavior diverges from ideal rational strategy 
jn a particular problem setting. If the present chapter has contributed 
i anything to our understanding of this divergence, it has been to under- 
ls’ fine the fact that two differences do exist. The first is in the dislike 
of and clumsiness with disjunctive concepts shown by human subjects. 
t The study reported has been primarily an account of systematic errors 
that lead people to treat a disjunctive concept as if it were something 
® eke. The second divergence is in the inability or reluctance of 
human subjects to use the information contained in an instance that 

i illustrates the negative case. 
| % ae “ee ae be well to mention one feature of West- 
iiectoncn ave pa historical relevance to our concern. 
Site hehe, much scientific thinking to assume at the outset 
Danio eects han in a common way does so for a common cause. 
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use cards to be . € same sign. Things that cause allergies, 
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little esting a conception of cause and effect and there is 
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sla, ‘ | risk. The physician must decide whether this 
ase f the class of patients who will be helped by prefrontal 
at The art dealer must decide whether this canvas is by 
poo Bosch or by a skillful apprentice in his atelier. : 
peer m happens, however, that we can consider the categorization 
Be patances without reference to the way a person ts cate- 
ds aj other instances which are identical or similar. We need to 
gu at a series of instances in order to know what the properties are 
wo which the person is basing a categorization and what over-all 
ures he is following. Suppose, for example, it is established 
that about 70% of the patients in a given diagnostic group are helped 
| by prefrontal lobotomy but it is not known with certainty what the 
characteristics are which mark off this 70% from the 30% who will not 
be helped. We may find three physicians independently deciding 
that a given patient will be helped by lobotomy. These three deci- 
sions about a particular patient acquire different meanings when we 
note that one physician has a record of recommending lobotomy for all 
or almost all of the patients in that clinical group while the other two, 
oe it for 70% or so of the patients in the group, do not 
recommend the same patients in their 70%. 
= = nee: in the kind of information one searches 
i 6 ) so € a particular as against a “series decision. To 
on ee Shackle (1949): “If I am faced with the need to 
a a Mee does it help me much to know that the propor- 
| ile > ih in this or that line is such and such?” (p. 110). 
a ‘on “s as other economists such as Knight (1921) and Fellner 
lites eae the need to know not simply the over-all proba- 
| ites. 7 e relevant differences between individual events. 
: career, one must know what the characteristics are 
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ilar ih later chances at categorizing similar instances or making 
f ion “ons, one of the things that he will aim for on any particu- 
ban Ban information which will be useful for later attempts. In 
| it on may make decisions or categorizations which carry 
; “tbsequenth . immediate success but promise to yield considerable 
4 Y relevant information. This expectation of recouping, of 
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with: whic dures—what properties or at 
b. What specific proce 
person use in 
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placing a particular instance in one g 
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another? We turn first to some gene 


variety of probabilistic situations we sh 
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al points which run through the 
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all be analyzing. 
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duds” which fail to explode upon landing. \ Bootes 
What will determine: a. w 


‘ and b. 
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with which Ourse of action o 
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he adopts each c 
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ability of Live and Dud Shells. Let us take a 
Situation where 7 of the shells ; re ser ac 
Curate is the Soldi 

Of live and 


imate of the probability 
oe tual] “Y Come to believe that there are more 
ere ac ua are, Or More du there actu- 
ally are, or that the Tatio js Close to the 79 : Shells than 
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UPPOse fo, the 
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with probabilistic Cues 
| This is what we call an 100:0 or an all-and 


For reasons which are not immediately 
n the other hand adopt what we call an 
its 


onseé distribution. In the present example, thi 


4 . t in determining whether response distributions tend 
‘portan 


ditions “a event-matching or the all-and-none type. | 
var of Potentially Criterial Cues. There are some situations 
Presence 

i in which indi 
which instances 
tions, for instan 


viduals can be guided only by the relative frequency with 
turn out to belong to one category or another—situa- 
ce, where there is such a poverty of discriminable at- 
tutes that it is hard to know where to start. In situations such as 
these, we shall see that one of the most interesting features of the 
individual's behavior is a kind of “cue searching,” an attempt to find 
atiributes he can use as a basis for deciding whether a particular object 
should be placed in one category or another. 
Equally often, however, the environment or one’s previous experi- 
ence provides some guidance as to the attribute cues which should be 
_ wed, but these are cues with less than complete validity. Aerial 
perspective, binocular parallax, superposition: all these are cues to the 
judgment of distance. They are, however, as Brunswik (1943, 1952) 
has so clearly remarked, only partially valid cues. From no one 
: a can we infer with complete certainty that an object is near 
a a the feature of behavior that is of most interest is 
; ,. “eg etween cue criteriality and cue validity, between 
- ‘Btedictive, 1, a a is used and the extent to which it is in fact 
vidual ee : ity of a cue accurately reflected in the indi- 
they actually are s a does he regard some cues as more valid than 
anything about a cra as less valid than they are? If so, is there 
Say, g patticular ¢ quality of the cue which will help to clarify why, 
ally isp We sh a comes to be regarded as more valid than it actu- 
Uindringichkeit of Se that one quality which is of importance is the 
Yo Matrix ~ aes impressiveness or salience. 
Possible Daiicaai overning Categorizing Decision. What are the 
™ the soldien’¢ “nees of making each decision? Let us assume that 
Pinion only two kinds of outcome can follow being 


be 

Made 

Ptobal ‘ or for the 
: } re . 
ities While th sponse frequencies to reflect accurately the environmental 


€ verbal estimates do not. : 
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exposed to a shell: life fod death. W. Present 4, 
payoff matrix in this way: 
ed Event, 
““COMeg 
Decision Alternatives I Dud Shel 
Take cover | of chi Life 
Stay exposed | Death li fe 
Estimated probability of event | 70% | 0.39 


This matrix is a simple one, and it is the kind of 
life is wanted and death not wanted at all, we woul 
to take cover every time. 


Outcomes are less simple t 
cOver me i i 


matrix where j 
d expect the soldie 


Oving forward to a better position for met 
€re are three Possible outcomes: death, li 
» and life plus being further ahead. Now it 
he extent to which the Individual likes each of thes 
cee cand the P tobability estimates he makes of each of thes 
ccurring will affe 
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€ outcome wil 


' 0. 7 
10 
e / aaa hen, arising fr Mie Hersonr,’ OS ae 
pro h for information then, g trom € person s conception of 


sea regorizing task, may in itself be expected to affect the manner in 
on robabilistic categorizing proceeds. 
whi a for Validation. We have proceeded so far with the 
“ia fction that our soldier could always check whether a shell 
a really live or not. Every prediction he made could be tested 
was an external standard. But we are seldom in so excellent a test- 
"ing situation. We can imagine very easily, for example, a situation 
| where the opportunity for validation is removed. Suppose a man 
ars to identify the sounds of live and dud shells under the best of 
training conditions, where all relevant information is immediately 
available. 
Now what would be the effect on a trainee’s performance if, say, the 
| instructor no longer announced what the shell was and the trainee no 
longer had an external standard against which to check his predic- 
tions? He would continue to be exposed to the shell’s whine but with 
to further opportunity for testing his judgments. 
_ Or imagine situations where validation is one-sided. The soldier 
: will know, for example, that if the shell explodes on contact it is live. 
: é if it does not explode, it may be either a dud or a delayed-action 
_ live shell. As we shall see later, the presence of such incomplete op- 
Portunity for validation affects considerably the occurrence of all-and- 
none behavior, 
to oni are five factors that may affect the manner in which indi- 
Bese categorize instances in a probabilistic situation: ]. the 
dis. 5 oy that the events will belong to one or another 
3 the i nae of potentially criterial cues and their validity; 
‘i th matrix governing the categorizing situation; 4, oS per- 
ha “ds of the task; and 5. the opportunity for vali eo 
Vidual oO we shall find, affects both the way in which the indi- 
categorizes particular events and the extent to which he cate- 


R0rizes ; 
ie Series of events in an event-matching or an all-and-none 


CATEG 
ORIZING WITH EVENT FREQUENCY AS THE ONLY CUE 


cs . . 
of eas Poses of exposition, we should like to begin our discussion 
Situatio’ By Pioreed in probabilistic categorization with a extreme 
ist 12 Which the i ini f possible cues in 
i at a minimum oO 
Stin uish tributes offer a m P sree 


ee categorially between one event and anothe 
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which the consequences of correct and in, e2otisan 
slight and relatively equal. This is as “strj, 0” a. OS, 
making situation as one may find. It sery; 
from which to build an account of probabili 

Our soldier, let us say, has now ensconced | 
where, save for the contingency of a direct hi 
no difference whether he calls the approaching , 
terms of any action he can take, but he js inte  nonet 
learning to predict as accurately as possible. He is hoy ever, nah 
to find any feature in the sounds of approaching shells that o, | 
used for predicting purposes. He can tell, after a shell has Fallen 
whether it was live or defective. Whatever his motive, he js in the 
habit of predicting, each time he hears an approaching shel] whether 
it is live or not. 

What can we expect about a subject’s general procedure in such ; 
Situation? One prediction we can make, based on studies by Hum. 
phreys (1939) and others, is that his categorizations of live 
fective shells will conform to the actu 
tive shells falling. If the ratio of live 
of “live” and “dud” will be distributed in roughly the same proportion. | 

Humphreys (1939 ) arranged his Study in much the same manner 
_atranged. When a light came on, his subject | 
2 second light would appear. 
In Humphrey’s experiment, the 

would follow was 0.5. Later 
ation, varied the probability with 
: 0.25, 0.50, or 0.75 (Grant, Hake 
matched the frequency of their mS a €xperiment, subjects again 


and de- 
al Proportions of live and defe. | 


Shells to duds is 70:30, the calls | 


actual Probability of itg occurrence PP HORS of a Second light to the 
ow do these sub; : 
: Jects decide 

Particular trig]? What Hee Upon the answer they will give on a 


attributes, if any, have 
ar instances? Cer- 
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Ve anal 
ver, we find that the Bethe. s 
Suide the position of an event in ; 


which subjects pec 
fa eS Fesponded to a ru ae at the way in 

951), Where Subjects Predicteq Sie mM an €xperiment by 
a ler d 


would call “check” oy « + 
: plus. After the p.. 2@ experimenter 
was predicted by 95% of the subjects first cay] Of “op, xa ae 


about 87% predicted that the next call woulg rk “ch, Calls of “check,” 
ec »> ~ 


Song aS a more specific 
ru: IS) ee 
n of six * 400k 


arising with Probabilistic Cues = 
; . 
Cat ¥ gre dropped to 68% and after four it was down to 339 
hres a necessive occurrences of “check” it reached 187° 
$ 


i e . ° . 
after v pjects use sequence cues? First of all, in such a homo- 


wh do su sie only difference between one instance and the next 
neous Ey position. Further, the subject is treating the task asa 
i ae be solved, a point which may appear banal but which is 
roblem t importance. The subject has been instructed t try and 


he utmos ; , 
ee as accurately as possible and he usually attempts to do this 
E 


by looking for some “pattern” or “system” that will enable him even- 
tually to be correct on every prediction or at least to improve his per- 
formance. The particular kind of pattern he searches for is one based 
on the order of events, and behind his search lies a widespread as- 
sumption about relationships between events that are closely asso- 
ciated in time. It is a very general human tendency to deny the in- 
dependence of temporally related events, to assume that if a series 
of events has gone in one direction over a period of time, “it is ripe 
fora change.” The gambler’s fallacy (Jarvik, 1951)—the notion that 
since black has paid off for a long succession of times, red is due to 
come up—can be observed at virtually any gaming table or slot ma- 
chine in the world. An amusing example is given by Laplace (1825): 
‘have seen men, ardently desirous of having a son, who could learn 
only with anxiety of the birth of boys in the month when they ex- 
pected to become fathers. Imagining that the ratio of these births 
to those of girls ought to be the same at the end of the month, they 
judged that the boys already born would render more probable the 
births next of girls” (p. 164). Combined with such an assumption of 
fhe pinterdependence is usually the further tendency to operate on 

e basis of shorter runs of events than occur on a chance basis, re- 
rage long runs of the same event as extremely unlikely (cf. Smith, 

49; Whitfield, 1950. Cohen, 1954). 


“es “be ©xperiment, the concern was entirely with the sequences of events, 
ae 2 f how the subject was categorizing these events. But the subject's 
n * "is--vis these past events was also determinative of his future behavior. 
volved seby J. J. Goodnow (1955b) where a 70:30 probability was w 
&n te * can look at the effects of correct and incorrect calls where se ae 
ed ei the same. When the event was the equivalent of a dud and - ; 
Probabji; 0% of the time, a correct call of “dud” by the subject led wi , 
Subj : of 0.48 to a second call of dud. Where the event was a dud but t e 
dud Se adiee | called it “live,” the probability of the next oes saps 
hes also “wn to 0.31. The effect of past calls and their relation to fu 


: ‘milarly remark that 

Previous discussed by Hake and Hyman (1953) who similarly 
? . For the 
Present Calls as well as previous events must be taken into ge eutied 


Iscussj i nts, 
"gard "ssion, we shall refer only to sequences of previous eve 


0 5 
Previous calls and their correctness. 
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How reasonable, objectively speaking ft 
quences in such “cueless” situations? : If f eyo, 
categorized is truly random, then Positio ; 
attribute for categorizing individual instanc, a 
say that the subject, in his attempt at . . g latch 
the only discriminable difference there is bet noes an 
it a value in making decisions which has no b ii Oe 
almost say that subjects’ behavior, when it come 


5 MZing »,. 

ticular instances, is completely superstitious, S pa 

Although in many Tespects the subjects’ bel): SUPerstitog 

we must say—in all fairness to them—that the use of Probable shop 
Tuns of events as a basis for making decisions js ( rely wig 
foundation in most of the €xperimental situation died. wr 


tomary experimental Procedure to randomize events Within }] 
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der a problem-solving set and under the condition of 
un 


mf, wt MrrativelY equal consequences to euaress and failux ' 
ue ight ? ow change the Humphreys-type cueless situation in 01 
a % us 2 This time, rather than eerving our oi ka ts tor at 
hy one adil sit rk with, we flood them with attributes that, tO} identi- 
any th pibutes urposes, are worthless. By providing this rich array Ot 
Ne By fatto” 4 utilizable attributes, the situation appears at the outset as 
iy ar roblem-solving situation. In essence, however, it is 
Ro ie a task like the one used by Humphreys save that when the 
iy, st light” appears, it may appear in many discriminably different 
le thy guises. 
me Key card Subtractive variations Additive variations 
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‘ Figure 5, Geometrical designs used in Goodnow-Postman categorization experi- 
' ment. 


iy “xperimental observations illustrating this change, reported by 
how and Postman (1955) can be briefly described. The 
Fresented on each trial with three cards: a “key card” con- 
Whi llth §eometric designs, and two “variation cards” each of 
One suains a slight rearrangement of the figures on the key cards. 
@ subty. © variation cards represents an addition of a line, the = 
tubjects pon ‘6 a line from the left figure of the key card. : e 
ther tip: is to couple one variation card with the key cards— 
ten ® subtractive or the additive variation. All told, there os 
“rds, each with a different design, and for each key car 

bien ri additive and two subtractive variations, all of them suf- 

* to make the memory task difficult. Figure 5 shows 


y ‘Subject ig 


2 eres Thinkin 
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i In essence, tl ct mne 
f the ten sets of designs. wa Must 
ae ‘Is this a time when I couple the ke itive.” 
i : is , 
time Is t » ake up hi Mspecks. 
is give variation?” and he may .. al * P Cting 
ra get bef, There 
a su erties of each trio of cards tb lees 
numerous prop ] rule whereby a particular kind of * Dropern 
4 bp rn = } 
i no general ru ee althc Subjjiess « 
in t d ee to choose the correct variation lth | , ot i 
i IE roun i idéeeqd. he 
fy to believe that such a general “ii . “ a = the 
: ils, although the subject is not awa e of 
t prevails, a g > hile 
ly general rule tha ; additive variation i 
eae a certain proportion of trials the : © vari 
this, 1S that on " h subtractive ror different 
correct and on a certain proportion sy ces, . 
iti subDtractive a ‘Or- 
i imes that additive and ; 
roportion of time 
groups, the p 


‘hether a given choice 
rect is 50:50, 60:40, 70:30, 80:20, and 90:10. eo sven : ‘: 
by a subject is called correct or incorrect by the ea 2 ie 
cided by random order with the restriction that the same probabilitie 

T as possible to each key card. . AX 
Eee “a case, the frequency with which subjects called cm 
or subtracting correct matched fairly closely the actual Propor é 
the time that these variations were in fact correct. The only exce P 
60:40 case, where subjects responded on a 
performance over the series of decisions, 
ween the results obtained in the “multi- 
” situations. In both, event-matching be- 
havior Prevails. But there is an important difference between the 
two situations in the way in which subjects proceed in categorizing 
individual instances, In the “multiattribute” Situation, with its rich 


f position in the series is very 
Instead, Subjects report using 

attributes as a basis for de- 
ample, come to the hypothesis that the 
Presence of curved lines jg the attribute to use, others choose straight 
'ggly line ©n top, while still others use 


ws of the figures, he interesting thing 

Cts res Ond : 

their categoriz : eis So variably on a verbal level, 
stein Corres . 

probabilities. And thi 
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zed. The role of coincidence is most marked when two 

yIZed. oe L. 

were Be ceative cards all exhibit a common feature and the 
C0 js 

of vou pen to have been the same for all. In such cases, the 

answers MAP that this common feature is the one on which all 


; Js sure 
subj’ gorizations should be made. He is then likely to con- 


her cate : eae } 
- to use this cue for a time before giving it up. As is the nature 


; judgments based on coincidence, the occasions which run counter 
to the individual's hypothesis are far less impressive than the occasions 
which agree with it. Given a great deal of leeway in the kind of 
coincidence which may be encountered, and a readiness to be im- 
pressed by coincidence, it is not surprising that individuals vary so 
much among themselves in their selection of relevant attributes and 
at the same time express such confidence in the attribute they have 
selected. Their reliance upon such cues adds up to a level of per- 
formance that approximates event-matching. 

Now we wish to raise the question: Why is it that in both “multi- 
attribute” and “cueless” situations we find event matching or an ap- 
proximation to it over the series of decisions? There appear to be 
several conditions underlying event matching. We must examine 
these now if we are to understand the behavior of subjects in later 
situations where attributes are more valid but are still not completely 
certain bases for categorization. * 
ere of a Unique Solution. If a subject feels that he should aim 

"a perfect or unique solution of the problem before him, such that 
wise be able to predict every event correctly, then he will venture 
g A ‘or the strategy of predicting all the time the alternative that 
‘ak, Kong more frequently. In the words of one subject: “If I want 
er ghey every time, then I'll have to choose each type just as 
wis : Its going to be correct, no oftener and no less. In other 
: » he will have to respond in a 50:50 fashion in a 50:50 situation, 
Pa 70:30 fashion in a 70:30 situation, etc. If, however, the subject 

oo that he does not have to aim for correct prediction on every 
trial, then all-and-none behavior becomes feasible. In a 70:30 situa- 
tion, all-and-none behavior (choosing every time the 70% alternative ) 

Will result in being correct 70% of the time. Such a level of success 

may be more than acceptable to a subject in a gambling situation. 

= =? equivalent to giving up hope as far as problem-solving is con- 
Thed, 


* These conditions are drawn from a comparison of performance and response 
to inquiry in two matched tasks: one the “multiattribute” task already described 
and the other a gambling task (Goodnow, 1955a). A discussion of the former 


€xperiment is given on pages 191-192. 
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Need for Direct Test of Hypothesis. 
was asked why he had chosen the less prol 
reply, “Well I had an idea about that card 
Actually, the subject can check hypotheses , 
ternative by continuing to choose the more fr, quen 
in the situation we are describing he is told ex 
alternative proves wrong the other will be correc 
Almost universally subjects report a certain diss 


A Vice Vergy 
atistaction With chec}. 
ing an hypothesis about a less likely alternative ; 


choosing the more likely alternatiy 
to be wrong. This procedure they found “too indire 


n such a way, je h 
€ and seeing whether it turned oy 


ct:” “The onh 
real way to check an hypothesis about a card Is to choose it and se 
what happens.” i i 


test” is more ofte 


S” situation. Indeed, it seems possible 
tributes and therefore the larger the 
0 be entertained, the greater will be 
te that this is not the same as pref: 
erved earlier in conjunctive concept 
d negative instances—in the sense of 
; mM a direct test of an hypothesis 
yields information tha hae able to reject it. It is when an instance 
to throw light upon 
gnitive malaise. 
There is a strong tend- 
redict: infrequent event as 4 
active fy Tact: “If Sa = i ‘ied e tient event. In 
Tge extent, subj, Ave the whole n to Pick the [less frequent] 
jects us th 
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ina Useless. poeyy additive,” SIS by which one 
: ese three ©onditions_h, 1S regarded by many 
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on Categor'™ ae 
n we can note that the categorization of 


nclusio ; peace 
In “i marked by a search for attributes to be used as cue 
es 1 be . ae eae 
tt of leading individuals to latch on to irrelevant attributes or to 
n ei: vis ea 
oi erate minimally valid ones. The categorization of the series of 
exa 


instances is marked by event matching. 


CATEGORIZING WITH PARTIALLY VALID ATTRIBUTES 


Thus far we have considered the rather special case of categorizing 
in the absence of valid or even partially valid attribute-cues on which 
to base decisions about particular events. We turn now to the more 
usual case where moderately good although not completely valid at- 
tribute-cues are available. 

Let us revert again to a military situation for purposes of illustration. 
The task, say, is one of identifying approaching fighter aircraft as 
“enemy” or “friend” where few if any features of the planes provide 
acompletely valid cue. F tiendly planes usually have a certain type 
of wing, tail, and scoop—but only usually, not always. So too enemy 
planes. Moreover, friend and enemy alike may sometimes have 
common features. Finally, it may not be possible because of the 
approach angle of any particular plane to see all of the helpful, if 
only Partially valid, defining attributes. A plane coming straight on, 
for example, betrays only a knife-edge silhouette of wings and tail. 
i a case, these cues, though they may be relevant, cannot be 

This is the type of situation with which we shall be dealing now. 
Strictly speaking it has two notable features: 


5 There are partially valid but not sure cues present for guiding 
cision as to the categorial identity of instances. 
2s-a-vis any particular instance that must be categorized, the de- 
Cision-maker may not have all of the relevant cues available to him. 


It is immediately evident that we are dealing here with a most con- 
ventional and common type of categorizing situation. In many ways 
it is the Position in which we find ourselves in the early stages of 
learning. We often may know what to look for as a basis of cate- 
S0rizing, thanks to some prior guidance and learning, but we do not 
yet know how much reliance to place in what we see. As we men- 
tioned earlier, Egon Brunswik (1943, 1952) has suggested that much 
of the cognitive activity of everyday life is of a probabilistic order. 
Most of our judgments as to whether objects are near or far, for 
example, rely upon combinations of partially valid cues. These are 
Cues which are not only partially valid but which may also be absent 
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or indeterminate on any given occasion wh,, 
made. Indeed, as we remarked in an 
cussing partially valid attributes, much if 
relevant categorizations one must make—p istic: 
people—are of this order. Is a man intelli Pent ; 7 
political views or not, sympathetic or not? The ¢,,, are only pam 
valid and often only partially present. al 
The military illustration with which we began also SeIVES a ang 
perimental paradigm. Such material was used by Robert E. Cop 
now (1954) in one of his experiments on probabilistic categorizin, 
and upon these experiments we shal] rely heavily in this section Hi 
objective was to ascertain the manner in which subjects learned ; 
utilize probabilistic cues and to assess the extent to which their Use 


of cues corresponded to the cues’ ecological validity. Briefly, th 


The subject is shown an eX. 
not of this type—“not-X” js 
es is to identify a series of 
creen. He must place them 
It is made clear to the subject that 
Timental models and that all of them 


the two types, of 
will not be alike, 


©; air scoops may be single and 
age, or P: y 5 
Variations of eaae tee ay at the Sides of the fuselage The 
> Sho 
In 0odno Ss Periment x “a in Figure 6 
ac of certai ne of th Subjec 
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0 categoria" 
i 
sher 2 single cue OF Silane 2c 
see 4 tail, tail and scoop, scoop and wing, or any one of these.* 
wing 2” arefully one feature of the experiments; type X and not-X oc- 
c ; ; a 
.*= a equal frequency. There is no reason for a subject to believe 
i ie eta 
pe frequent than the other. It is the relationship be- 


that one is more ‘ . . ee aoe 
sween type of plane and the possession of certain attributes that differ 


from randomness. 

This experiment makes it possible to study several important fea- 
tures of probabilistic categorizing. When, for example, only a single 
cue is present to the observer, will the subject show the kind of event 


two cues, but never three cues together: 


Type X Type not-X 


A one-cue instance A two-cue instance 


Fi 
igure 6, Examples of instances used in aircraft identification task (after R. E. 
Goodnow). 


matching discussed in the preceding section? That is to say, when 
se with instances in which the cue indicates type X with a 
of th requency, will the observer name these planes type X 67% 

© time? If he does, then his behavior is in some ways akin to 
the performance of subjects in experiments where no valid attributes 
fre available. This then is the first question: Will subjects use a 
‘ingle cue with a frequency that matches its objective validity? 

© second question we may ask is about the handling of several 
Sues appearing in a single instance. Does the simultaneous presence 
of a 100:0 cue and 67:33 cue, both pointing to type X, increase the 
Certainty of the subject? What of two cues pointing to type X, each 


re All three cues are shown together only in the initial examples given subjects 
Of n type X and a type not-X. 
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relevant is that in categorizing with parti: hy 
t completely show the kind of event matching 
valid CHS » became familiar in the preceding section. First, 

wi ich sts treat the 100:0 cue as if it were less than certain, 
umber . hee planes in the appropriate categories only about 90% 


7 alo the time. And with respect to a single 67:33 cue, the 
or 1655 
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Figure 8, 


100:0 The distribution of subjects in terms of the percentage of 67:33 and 


single-cue instances placed by them in the more probable category. 


Picture is reversed. A cue with an objective association of 67:33 
pe type X is not used to predict type X 67% of the time but closer 
80% of the time. The certain cue is underplayed; the partially 
Valid one exaggerated. 
i Ma other categorizing situations identical in design—one in- 
th g the categorization of faces on the basis of three features, and 
‘ involving the identification of light patterns on an instrument 
Panel-R. E. Goodnow obtains comparable results. In all three 
°xperiments, moreover, the subject was asked at the end of the 
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experiment to estimate the percentage of Emies t 7 
of the plane (or its equivalent) were associate 
not-X. Here again one notes that many subject 
100:0 cue and overestimate the 67:33 cues. 

Why are 100:0 cues not regarded and adopted 
certain guides to categorization? R. E. Goodno 
phenomenon partly in terms of “the spread of doubt.” 
subjects, having found that some of the attributes 
develop a generalized doubt about attribute validity. 
put it, “You can’t rely on anything too much.” In essence the 
probabilistic situation, a subject is sometimes reluctant to ¢ 
gorizing in terms of the kind of certainty observed earlier in cop. 
ventional conjunctive and disjunctive categorizing. 

While the “spread of doubt” is applicable to the first finding, it js 
in a sense in contradiction to the second: the exaggerated \ stilization 
of middlingly valid cues. How account for the fact that a 67:33 cue 
Pointing to a particular category is used to place instances in that 
category approximately 80% of the time? 

veral interesting factors that may lead the 
. moderately reliable cue. He notes that 
Cy to treat one 67:33 cue as if it were certain, 


the time, while at the ee the more likely Categorization 100% of 
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prising with Probabilistic Cues 
. ° ° - Fe 7 
oi th one attribute at a time, dealing with it in such a way, 
py opine at one may have a direct test of one’s hypotheses 
ine proposes one additional hypothesis to account for 


OF cues in probabilistic categorizing. This he refers to as the 
yall 


‘collapsing of the range of probabilities” with which a person must 
deal. Such “collapsing of a range” is not too outlandish a conception 
if one likens it to forms of scale contraction known in psychophysics. * 
If one puts the matter in terms of central tendency or adaptation 
level effects operating on cue probabilities much as they are known 
to operate for weights or brightnesses, a number of interesting 
possibilities emerge. We would expect to find that both the 100:0 
and the 67:33 cases would show regression on some “probability 
adaptation level.” How one would compute the value of such an 
adaptation level for a collection of three probabilities (100:0, 67:33, 
and 67:33) is, to be sure, problematical. But if such an explanation 
as this were reasonable, then we would expect that subjects would be 
regressing in their responses to their conception of the “average” 
reliability of cues present in the situation. Indeed, the fact that 
after the experiment subjects actually did overestimate the reliability 
A va Cues and often underestimate the reliability of those with 
Pi Mm en a certain credence to the adaptation level argument. 
a aie an adaptation level effect does not, however, rule out 
ry : uity of other effects also being present. The spread of 

with — test of hypotheses, and the predilection for working 
ace: at a time are still relevant explanations, within the 
a “ela general peantation effect. The understanding of 
See "* especially needed if we are to go beyond a state- 
fittanon, © nera results and concern ourselves with how individual 

are categorized. 

Bae oan was duly warned on an earlier page that we were 
on sl € cues as if, so to speak, any cue operated in much the 
AD ui any other. This fiction has now outlived its usefulness. 

SP oneaat e present experiment using cues as seemingly equivalent 
TE rid or vividness as wings, tails, and scoops, it turns out 
simply in ci some striking differences that cannot be accounted for 
erms of the relative validity of cues. We are, in short, 
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nee, | or the interpretation is post hoc and the exp of 
ere 9 independent definition of impressiveness or preferen 
“3 t. To pin the matter down, Goodnow adapted 
below” rast faces used by Brunswik and Reiter (1938) 
as study of cue utilization in judgments of intelligence. 
as height of row, en 
of nose, and size of chin, are reproduced in Figure 10. Brunswik 


Type X Type not-X 


Figure 10. Examples of faces used in task of categorizing facial types. 


and Reiter had found in their study that the feature most determina- 
tive of whether a schematized face would be judged intelligent was, 
a8 one might expect, height of brow. With this as a prior definition 
of impressiveness or cue preference, Goodnow then set out to replicate 
exactly the aircraft experiment, substituting brow, nose, and chin for 
the aircraft features of wing, tail, and scoop. Subjects were not 
asked, however, to judge intelligence but rather to categorize in- 
stances into two types, again type X and type not-X. For one and 
two cue instances, different features are simply blacked out. 

Under these conditions, Goodnow finds the effects of cue preference 
overwhelming. Brow-height cues are eventually treated as if they 
Were virtually certain cues whether their validity is 100:0 or 67:33. 

ngth of nose, even when it has 100:0 value, is finally used as a basis 
for making the objectively proper inference only 80% of the time, 
Somewhat less still when it is a 67:33 cue. The differences in 
handling these cues over the four blocks of trials are depicted in 
Figure 11. 

It is apparent from these results that preference or impressiveness 
Serves drastically to alter the effects produced by the objective 
Validity of cues. We would venture to propose that the more one 
Pits ets real-life” categorizations involving forms of grouping 

Ouch upon everyday adjustment, the more will such “nonrational” 
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with probabilistic Cues ~ 
3” or “meaningless.” R. E. Goodnow has 
leled exactly the aircraft recognition pro- 
us t in which the subject had the task ot 
pedute with cox of lights on the basis of quite indifferent and 
cane cues. In this setting, no impressiveness or preferential 
ponpre 


oted. 
i ue Compounds and Cue Conflicts. All of the previous 
a 


hservations are based on instances in which the subject has before 
}  onse 
| tim only a singl 


prising 
: He para 
n experimen 


e cue, the other two cues in the situation being 
shscured. What of the handling of two cues at a time? Much has 
been said in the classical literature—notably as a result of Helmholtz’s 
onceptions—about the “weighing” of cues, unconsciously or other- 
wise, Among contemporary theorists, it is perhaps Ames (1955), 
Cantril (1950), M. Lawrence (1949), and in general the transaction- 
alists who have most emphasized the importance of cue weighing. 

Consider two examples of cue combinations: two-cue compounds 
where both a 100:0 cue and a 67:33 cue point to the same identity, 
and two-cue conflicts where a 100:0 cue and a 67:33 cue point to 
opposite identities. In these instances, identity is always objectively 
determined by the 100:0 cue. 

There is, as we might expect, little discernible difference between 
be with the 100:0 cue alone and categorizing with the 
a Ss ie — and 67:33 cues. With the 100:0 cue alone, we 
,.. “s e aes that there can be little increase in choice of 
a. oath able alternative. In contrast, there is a striking dif- 

deciae nn treatment of the 100:0 cue alone and treatment of 
ombined with a conflicting 67:33 cue. Subjects are 


followin 
g the lead of the 100: ; 
Presented in Table 8. F 0 cue far less often. The data are 


TABLE 8 


Categorization of Some Cue Compounds and Cue Conflicts, 
Compared With Categorization of a 100:0 Cue Alone 


Per-Cent Choices Number of Subjects 


of 
More Probable 100:0 Cue 100:0 Cue With 67: 33 100:0 Cue With 67:33 
tei Alone Compounding Conflicting . 
75-82 5 By i 
66-74 —_— 1 
58-65 fs 3 a 
49-57 3 — : 
7-48 2 = * 
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If we analyze the categorizations 
instances block by block, we find an inte: 
the 100:0 cue and, concomitantly, a 
67:33 conflicting cue. The mean per cent 
the lead of the 100:0 cue for the 120 tria| 
follows: 


Trials  100:0 Cue Alone, Per Cent  Confli, 7:3 Cue ov: 


1-30 91 77 
31-60 92 Qn 
61-90 93 83 
91-120 89 87 


certainty cue. The effect, however, is one that appe ar of 
with more and more Opportunity for testing. Perhaps it should }; 
whenever the 100:0 cue is combined with on: 
always prevails in fact, ic. the experimenter’ 
The subject learns over a tin: 


ata 


The conflicting cue is quite clearly affecting reliance on the) 
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somewhat shaky confide 
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ee tment avoids the problem of ecologi- 
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oatego"Y The other trea | ) 
er of the providing knowledge of the identity of the planes 
al validity ds and cue conflicts with two 67:33 cues are 


ver cue compoun 
The first of th 


dina later place. ; 
— for the moment the case where the compounds have 80:20 


wlidity and the conflicts 50:50 validity. The most frequent form of 
response to the compounds is to place them 90% of the time in the 
more probable category. As for the cue conflicts, they are placed by 
subjects half the time in one category and half the time in the other. 
There are, however, some special features of the handling of cue 


conflict that warrant attention. 

One notable characteristic of cue conflicts is their effect on the 
subjects’ surety. When an instance exemplifies such a conflict, 
Coodnow's subjects report that there is something “funny” or “odd” 
about it and they seem to be uncertain as to what to do. This is the 
nea though they may not be able to verbalize that the cues 
twice et in conflict or point in opposite directions.” Un- 
ci . ‘ € time required by subjects to decide into which 
ee instances should be put was not recorded. Goodnow 

aac nae that there appeared to be a slowing down of 
observation * a usual concomitant of lack of confidence. The 
these, ae oddness” along with the weakening of confidence 

a, sei in other studies where conflicting cues are 
Vig of the ‘persons environment. Lawrence (1949), for 
torted vd ee eating on the reaction of people to the Ames dis- 
ostman ra that there is a “lack of surety.” Bruner and 
alee and again Postman, Bruner, and Walk (1951) have 
vironment “sn upon this effect in connection with the recognition of 
a nta incongruities such as a red four of clubs. 
OF it ig conflicts, Eindringlichkeit or cue preference is also a factor. 
: critical in determining the resolution of conflicts. The role 
care erence in cue-conflict resolution is best studied in the task of 
os faces. Three kinds of conflict are possible: brow versus 

Pa Ow versus chin, and nose versus chin. By chance, one would 
ria that if each were equally criterial the chin should win out a 

of the time, the nose a third of the time, and the brow a third of 

in se neeriein out in the sense of the conflict of cues being resolved 

“vor of a particular cue. To sum the matter up, the conflict is 
‘esolved in favor of brow cues 52% of the time, in favor of nose cu 

28% of the time, and in favor of chin cues in only 20% of the i 
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more S$ cei it 

t eben can be found in daily social life. We are constantly 

a - <4 >> . “a 6 

fying people in terms of their “type, into those who are “our 
classy! 


iad” and “not our kind,” into the class of those ia are cg onae 
rnd those who are not. The work of Tagiuri (1952) and others 
‘adicates, for instance, that people have little trouble in sorting fellow 
“ie members into “those who like me” and “those who don’t.” 
Qur opportunities to validate such categorizations and the bases we 
use in making judgments are relatively few and far between. We 
accept this intermittence of validation as a feature of social life and 
early come to terms with the poverty of guidance our world provides. 

There are indeed circumstances in daily life where it becomes 
impossible in principle to validate our categorizations. This is 
particularly the case where the use of an ultimate defining standard 
must be prevented as a matter of social necessity. New York State 
has upon its statute books the so-called Baumes Law which categorizes 
any criminal as incorrigible who has been convicted four times of an 
armed crime. For al] criminals who exhibit this defining attribute, 
the sentence is life imprisonment. Under these circumstances, it 
becomes impossible to continue to test the adequacy of the defining 
te si used: all exemplars of the category are in jail where it is no 
suger possible to determine whether they will repeat criminal acts. 

© McCarran-Walter Immigration Act is a more serious case in 
an on “undesirable alien” is elaborately defined in terms of 
stintbs orms of past association, political affiliations, and other 
... es. _There is no way of continuing to test the adequacy of 
Nee mzation in terms of such attributes, for such applicants for 
Stat Sey visas are automatically denied admission to the United 

s. This is not the place to examine the social consequences of 
drastically reduced opportunity for validation, yet it is not amiss to 
Temark that such conditions are usually first steps toward the creation 
of cultural lags: categorizing is fixed on the basis of attributes found 
imal in the past with no opportunity for checking them in the 
uture, 

What functions are served by validation as far as categorizing is 
Concerned? The answer, we think, is fourfold. 

Having an opportunity to check one’s categorization against an 
ultimate criterion—to see whether a high forehead does indicate 
intelligence or whether a shell with a low whistle will fail to explode— 
May have the effect of making one less casual towards error. Put 
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of the general frequency with which events will fall into 
ee category; knowing, for example, that 75% of the events 
one OF one category and 25% into the other. Individuals could then 
ee over a series of trials they would apportion their responses 
petween the categories in the 75:25 ratio expected in event-occur- 
rence, Such behavior would constitute event matching rather than 
all-and-none behavior. 

What bases of decision could subjects then use in categorizing indi- 
vidual instances? It could be a knowledge, not of past stimulus 
events and choice outcomes, but of their own previous responses. 
They could place instances in the more likely category trial after trial 
until they felt that it was about time to shift, a point occurring when 
their apportionment of past responses began to feel out of line with 
the general ratio they had decided to follow. 

Such a tendency to make identical categorizations and then to shift 
has been noted by Senders and Sowards (1952) and Senders (1953) 
in an experiment where the subject has no knowledge of the outcome 
of his categorizations. The subjects in their study were given the task 
of judging whether a light and a sound had occurred simultaneously 
or successively. The onset of the two stimuli was so close in time that 

€ subject was unable to judge. One group of subjects was told 
that the simultaneous pairs would comprise 75% of the presentations, 
~~ temainder being successive; another group was given opposite 
nstructions that the ratio of simultaneous to successive was to be 
25:75. Here subjects exhibited event-matching behavior over the 
Series; in making individual decisions, they showed a tendency to 
"espond to the history of their own responses. 

We have then two possibilities as to what will happen when oppor- 
tunity for validation is reduced. Our general prediction is that be- 

vior will move away from a problem-solving pattern toward all-and- 
“one behavior. The work of Senders and Sowards (1952) suggests 
that, if an indirect basis for decision is found, this tendency will be 
forestalled. We consider now some experiments where opportunity 
for validation is not fully available. 

experiment by R. E. Goodnow (1954) provides one test of the 
way categorizing proceeds when the opportunity for validation is re- 
Moved after the person has become accustomed to its presence. 
Again Goodnow uses the aircraft silhouettes to be categorized into 
type X and not-X. All of his 60 subjects were given 84 initial cate- 

Sorizing trials with the experimenter serving as the source of valida- 

tion. After each trial he would announce what the correct categori- 

zation was. All instances in which two 67:33 cues were combined, 
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eee Where two cues conflict, what 


‘dati roups. ! 
o-validation g . : | 
he avior take? There is no question of choos- 


bable category, for both are equally probable. Will 
f the two conflicting cues and always follow its 
are three ways in which subjects 


ing the aA ay 0 

“abject selec 
oat All told, there 
| ¥ to proceed in dealing with cue conflicts. . 
50:50 Response. Here the subject follows the lead of one cue hal 
she time, the other half the time. What results is an equal division of 
scements in the two categories. In essence, the subject is not 
making up his mind, switching from one cue to the other impartially. 
Mixed Response. This is as if the subject were to say: “Whenever 
the plane has a delta wing, it is always an X; but when it has a swept- 
back wing, it is sometimes X and sometimes not-X.” The subject is 
breaking up the two values of the attribute and responding to them 
independently and differently: one value on a 100:0 basis, the other 
ns = basis. What results is a placement of cue conflicts some- 
Pe tween 50:50 and 100:0, usually around 75% of the time into 

re favored category. 
oe Here the subject follows the lead of one 
vinged planes f and disregards the evidence of the other. Delta- 
oa ot peau ane are always placed in category X; planes 
inp c oe always in not-X. The nature of the other con- 
Aap 1s ignored, 
validation a ee contest in the forms of response with and without 
response ig “5 ze the 50:50 response prevails and the all-and-none 
‘DOnse is all-a, mn completely absent. Without it, the dominant re- 
Sane “none and the 50:50 response occurs relatively seldom. 
m-thie ¢ © presented graphically in Figure 12. 

_ nathan gee of Goodnow’s, validation is first available and 
tion art. ‘ There is another way in which opportunity for valida- 
built wine re uced. It isa reduction of validation that is, if you will, 
‘ categorizing situation. Imagine a situation where identifi- 
. ot an instance as belonging in one category does not preclude 
Cat Possibility that it may also belong in another category. Take the 
“gorization of faces on the basis of brow height, length of nose, and 
of chin. The task is to place these faces into two categories, X 
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and Y. Up to now we have considered on 
binary case. If one called a face X, and v 
that the face could not be an exemplar of th 
if it were called X, and this was incorrect, on 
must be an exemplar of the category Y. U nd 
subject can use both direct and indirect inforn 
ments and their correctness or incorrectness. 
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olving approach with its hope 
£ error and to adopt instead the policy of 


. a error within as predictable bounds as possible. 
| 8 if we go back to our original question, “How do individuals 
ge is reduced opportunity for validation?” the 
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eems to be this. They abandon efforts to reduce or com- 


d attempt instead to keep it within tolerable 
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limits. 

We are still left, however, with some questions. Why do not all 

subjects respond to the lack of validation with all-and-none cate- 
— gorizing? And, moreover, why is it that we so often find an approxi- 
_ mation to all-and-none behavior rather than an exact form ot it? 

We suggest that there may be two responsible factors here. One is 
an abhorrence of monotony: to make the same response again and 
again when this is one’s only activity is for many people simply boring. 
It becomes bearable only when the individual is able to vary his be- 
havior by some means other than the making of categorization re- 
sponses. Suppose a person has the task of choosing one of two keys 
with the objective of predicting which one will pay off—essentially a 
bess categorizing task. He learns in time that one key pays off 
“ae than the other. If he is to perform in an all-and-none 
eal e will have to press the same key time and again. For some 
j eon this seems to be possible only when they can invent some 
game” with which to keep themselves “interested” (to use a 
‘am often reported by them). One of J. J. Goodnow’s ( 1955a) sub- 
Jects, for example, varied the pressure with which he struck the key, 
another varied the hand he used. Both subjects insisted that they 

new their variations were making no difference in payoff, but that 
one the diversion of such “games” they would not have been able 

° resist risking a bet on the key with the lesser frequency of payoff 


and the greater challenge. 

The second responsible factor is the individual’s continuing concern 
Wit improving his performance. It is relatively easy to say that one 
will categorize in an all-and-none manner, and accept as inevitable a 
Certain margin of error. But the temptation is always there to believe 
that one can do better, that it would be worth while to risk the chance 
of making a few more mistakes for the sake of possibly doing a little 

tter. Every error one experiences tends to reactivate this belief. 


The reactivation is particularly strong when error is made especially 
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ee the subject in a prearranged random order. The field was 
sente 0 


osed for 0.10 second. Sixty undergraduate men served as subjects. 
pos of them had the task of discriminating the dot sete containing 
« dots’ from all others; another third discriminated “25 dots from 
Il others; and the remainder had the job of discriminating the “30's 
from the “non-30’s.” Half the subjects in each condition operated 
under an accuracy matrix, the other half under a sentry matrix. Be- 
cuuse instructions are so important in this type of experiment, it is 
_ worth reproducing the instructions given at the outset to each of the 


groups which were set to discriminate “25’s” from “non-25’s.” 


To the accuracy group, the following account was given of the 
rationale of the experiment. 


This is an experiment on radar observation that we are doing for the 

Office of Naval Research. We are going to flash sets of dots on the 
. — before you for a brief period, Your task is that of a radar ob- 
tag is to spot whether the flashes contain 25 dots or do 
tremely = cas ots. Let me tell you more about your job. It is ex- 
enemy Dm 5 va to spot the 25’s from the non-25’s. The 25’s are 
would be raga planes and the non-25’s are your own planes. It 

a non.25 “a ned spot a 25 but it would be poor business to mistake 

to beep “9 opi shoot down one of your own planes. You want 
want (> | | ° servation planes from getting through, but you don't 

® knock down your own people. So be sure to distinguish be- 


twee ao eg 
n the two, Remember your job is to distinguish the 25’s from 
1 Non-25's ? 


T : 
| iy he Subjects who had to work under the sentry payoff matrix were 
e hd ee : . ‘ 

. n the following instructions. 


,; Hew is an experiment on radar observation that we are doing for 
; fice of Naval Research. We are going to flash sets of dots on 
the Screen before you for a brief period, Your task is that of a radar 
Server. Your job is to spot the flashes containing 25 dots. Let me 
tell yOu more about your job. It is extremely important not to let a 
“2 get by. You are in the position of a sentry. 25’s on the screen 
‘ndicate the approach of an enemy aircraft. If you fail to spot a 25 
It means that an enemy bomber gets through for a bombing run. So 
Sure not to miss the 25’s but spot them at all costs. Remember, 

You're q sentry and your job is to spot the 25’s. 


The Subjects were then shown a slide with 20 dots on it. This was 
described as the minimum number they would encounter, though they 
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were not told the actual number of 
next shown a slide containing the r 
containing the midmost number (25 
anchors for them in their judgments 
marking a plus on a score sheet wher, 
number (20, 25, or 30 dependent u pon 
a minus when they thought the number o: 
What we are concerned with is the nature of ; : a 
these two sets of instructions which create such differen Seid : 
pectancies in our subjects. The first and simplest q 
ask is about the number of objects that are included ? 
category, be it 20, 25, or 30 dots. We compare the number of sin 
regardless of their characteristics, that subjects were Willing to inchug 
in their target or “enemy” category. Each subject received 9) 
stimulus presentations. The percentage of these placed in 4, 
“enemy” category by the six Stoups of subjects is as follows: 
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proentaBe® 0 tively. For some of the children, the appearance of a 
wad 008 FeSper t “winning a point,” for others it meant losing a 


ean : ete 
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a aE 
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F; Number of dots in stimuli 
‘Bure 13, Cumulative per cent of dot-pattern stimuli called “20” and “30” by 
subjects operating under sentry and accuracy payoff matrices. 

®ct this fact: one lost or gained, depending upon the card which 
Was turned up, regardless of the correctness of prediction. In sum, 
* Picture outcome represented something desirable for one group, 
‘undesirable for the other. 


FE results of the experiment were quite clear and consistent. 
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an objective probability of ao of | Se 
occurrence only half the time; for the prob 
tion of picture predictions amounted to * 
Among the children for whom picture cards ‘ing a. 
the results were quite the reverse. The pro] fas 
predictions always exceeded the probability o 
picture. Similar results were obtained by Irwi 
tion of Marks’ experiment with college students. 

In short, the estimates of probability that a 
categorizing task may well depend to some degre 
the outcomes foreseen. They may also, of cours 
need to justify the action we take on the basis of an es 1a 
we take extreme action to guard against a relatively unlj) ly disaste 
and then convince ourselves that the disaster is not so unlikely aft 
all. Nonetheless, we consider it of prime importance to im 
within the limits of such confounding the manner in which probal 
estimates interact with the nature of a payoff matrix j 
a categorizing response, 

In line with this decision we now 
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ask: does the nature of the payof 
matrix affect not only the extent to which the individual] places event 
i One category or another but also the manner in which he arrives 
tformance? Consider a Situation where errors 
h one in Which errors do not. The latter is 
re One is permissive toward 
In a Permissive situation, we 
ight in an exploratory ap- 
appear reley: ‘here error 

Rei. = ing Would expe PE " . a ] = 3 e 
SO an earlier ah. ) OF such exploratot 
An illustration is } t where it does appear. 
— J: J. Goodnow (reported in “ €Xperiment of Mosteller, Bush, 
subjects have to deci Mosteller. 1955). The 
a gambling device, Half the Subj €C on the right or ee Be hay of 
arrangement; j Bend... Kye 
era Pay-to-play 


they lose the sum they have bet. Th ey, they Win 
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utcome Value. Having considered some specific e3 


parma outcome values and likelihood estimates affect cate- 

0 

anples ° s partially valid cues, we may now turn to the more 
tanh Wi 


m. What is meant by the “value of an outcome’? 
an value be stated? What are the criteria which individuals 
How assigning some degree of value to a particular outcome? 
pa ys start with this last question: the criteria which lie behind 
she assignment of value. We are by no means alone in facing this 
‘oblem. It is a crucial one in economic theories of choice under 
risk or uncertainty conditions, and we can profit from a brief look at 
the way in which economists have tackled the problem. The early 
assumption that “value” means “money profits” has often been as- 
sailed, as has been the tendency to postulate “nonpecuniary profits” 
or “net satisfactions” or “tastes of consumers” to account for the fact 
that frequently people do not act as they would if their sole concern 
were with profit-maximization (cf. Walker, 1946; Stigler, 1930; 
Katona, 1953). On the one hand there is the argument that econ- 
omists should consider a variety of forms of value. On the other 
tand there is the vital consideration stressed by Walker (1946), 
namely that “the maximum principle . . . is . . . not susceptible of 
measurement unless it is cast in a form which specifies what is maxi- 
mized” (p. 73). 
8 ee out of this problem, it has been suggested that different 
: e criteria for determining value can be considered as operat- 
= at different specified times. For example, Hayes (1950) has 
petted some differences in the criteria that are used for determin- 
8 value” in boom times and times of depression; Katona has sug- 
bested ordering different “motivational patterns,” with “striving for 
igh immediate profits . . . at one extreme of the scale [and] .. . 
at the other extreme .. . the striving for prestige or power” (1953, 
P. 114), Questions about value can then be asked in these terms: 
Under what kinds of business conditions will motivational patterns 
tend to conform with one or the other end of the scale?” (ibid.). 
atona states that “preliminary studies indicate that the worse the 
Usiness situation is, the more frequent the striving for high imme- 
diate profits; and the better the business situation is, the more frequent 
Is Striving for non-pecuniary goals” ( ibid.). 
While we agree that the general idea of relating different specific 
forms of value or consequence to particular kinds of situations is a 
Promising one, we would like to stress that any knowledge so achieved 


is likely to be rather discrete if one limits oneself to parametric 
studies and to a listing of different business conditions or judgment 
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One such general feature is the . a -_ i at ome of 
single choice and the nature of the fina a | Chapt ; 
much was made of the fact that categorizing beha : n be consi 
ered as a series of sequentially related decisions designed to obtai 
information and to reach other objectives where feasible, Ip ts 
a series of related decisions each step in ete ir each ‘ea 
tive placement in a category, has a consequence and e , tits of st eps 
or categorizations also has a consequence. We regard it as essential 


to analyze the relation between the outcome of an individual decision 
and the final outcome that constitutes success as a whole if one is to 
talk reasonably about the effect of outcome values on categorizing o; 
indeed about the value of an outcome. 

Von Neumann and Morgenstern (1944) have stressed most explic- 


itly that the effect of a single loss risked or sustained must be 
considered as relative to the total 
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; commuted? .- ethane all? a 
; When is the final outcome computed? Is the game or task over 
| a instance, one has made five errors in a row and has ex- 
wen, +4 ote ’ 


“eq either one’s resources or the goodwill of some sponsoring 
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oyndation? Or is one promised a definite number of tries, with 
he outcome to be computed only when the series is completely over? 
In the academic world, for example, there is a world of difference 
between an outright 5-year research grant and a l-year grant with 
the possibility of renewal. 

Now psychologists may feel that such notions are of little relevance 
to the kind of judgment situations with which they usually deal. In 
uc, however, the distinctions between single outcomes and final 
outcomes can increase considerably our understanding of the familiar 
hpriacre- situation.” As we remarked earlier, one’s expecta- 
shine day nature of the task is a critical determinant of problem- 
wigng HG s. Does the person see the task as one in which a 
Bini AS possible, as a “real problem? Or is the task seen 

€ vagaries = ma matter how hard one tries, one is still subject to 
ferences ra ance? J. J. Goodnow (1955a) has investigated the 
and the oi ehavior in two matched tasks: one a gambling task 
exercise j wie, multiattribute categorizing task presented as an 

*: problem-solving, Her analysis is apropos here. 

Problem-solving task seems to have the following features: 

weg desired final outcome is 100% our Oa en ae 
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B. The final seicd ce in | ee by a count of wins and 

me is no 


losse : 
et On the contrary, finding the solution at the end makes e 
Portant all previous errors. In this sense, S can afford errors while 
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cur, In a 70:30 situation, for example, 100:0 eigercmsibstions 
allow one to be correct only 70% of the time and this canno con- 


; ‘i nly kind of choice- 
Sidered as solving’ a poll loge Se cey bial is one which 


distributions should not 


Matches the event poe 

Case, a 90:10 choice-distri 
es: 

In contrast, the gambling task _ = 8 iain 


z il outcome is not necessarily 100% success. One 
A. The desired ee eile to know how to win on every trial. 
ee successful withor s determined ad goto of i wins and 
. The final outed ote e set up so that a win at end cannot 
losses. The. task oan i vad uP 
‘ yy 
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er 7 _caoc / that +] ioe ie 

wipe out previous losses. All that tl volves Sais 

having the same amount of money involved in ; a tion 

payoff. In this sense, there are limits place: 
S can afford losses. et 

C. Under such conditions, choice-distributions should 


tend io Be out 

the 100:0 type. In a 70:30 case, for example, a 100:0 choice. {0 
tribution will allow one to win on 70% of one’s bets and this can aa fi 
be regarded as ‘success ” (pp. 107-8). asily a 
In practice, Goodnow finds that behavior does indeed conform + ‘0 
these predictions when subjects operate with gambling and problerp fo 
solving orientations. Where they appear to be diverging from these ar 
expected patterns, what usually has happened is that the subject acl 


interprets what has been presented as a gambling task to be “teally’ | 9 

a problem task, or vice versa. 
Scaling Probability Estimates and Outcome Values. Throughout | 

the preceding discussion we have deliberately skirted the problem of th 


whether and how subjective values and probability estimates can be oe 


stated in numerical terms. In general, there is agreement among & 
both economists and psychologists that the construction of formal in 
theory and the making of precise predictions about decisions in gi 

uncertainty situations rest upon the development of satisfactory 
| ite “s es subjective values and probability estimates. The q 
iy Satie, oe Hc : ommonly the pattern of preferences and 
i] Niaihaiectaomes a y an individual in choosing between alternatives : 
i value of mone vanes utility Curves, or scales for the subjective o 
| stern (1944) ce se on discussed by Von Neumann and Morgen: mn 
De | and Nogee, 1951) “ ace been used experimentally (cf. Mostellet | m 
i hi probability estimates on for deriving and scaling an individuals | t 
it veg ecenity Dy Baivaee (1954) Ciseussed by Ramsey (1926) and ; 

A a As is to be expected, the constructi : 
hs an easy tmatters( ch Eidoasais 1954 Seep Such scales is by no meals | ; 

psychological problems, mee . : and raises some very interesting 

hh namely the form in which value : ese has already been discussed, 
Ege some combina ge gb sited whether none # | 
IA © way in which individy on s specified objectives . 
g the value of a set of 6 als com ine se teria i t 
to a set or bundle of utcomes. w alll ‘ 
shot a friend but ¢ Be Such age 2 2 scalar vale? 
immediately become mi ia bs the thought hy wy orettul at having 4 
are weighted and ¢ ee in knowing he duty fulfilled,” wé ] 
and a thorny one, is fa med by 48n  indiyj, W these Various criter4 . 
large number of py ib ~ duestion of what ha. 4 third problem, : 
Possible oute 


omes to each of a oe there is 4 
umber 


of alternative 


Vhat it the 
ae 1 
mignt nave 
vere I OF a - 3 
hole arra' possible consequences, combinations of 
’ VOL | i 

r not missing, wounding or killing, being 
t nr Wil It} \ \ Badin aa wy ic, | ~ 5 
. Cantain X rather than Captain Y, being able or unable 
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nd shot in time i he waits or if the first shot misses. 
tions such as these, Shackle (1949) provides an interesting 


it. “In order to assess the merits of any given course of 


man must find some way of reducing the great array of 


theses about the relevant consequences of this course . . . to 
ompact and vivid statement” (p. 14). This reduction, he 
ies, is based partly on a desire for stability and also on the fact 
that the keenness of anticipation becomes dissipated when spread 
ver too many alternatives. These considerations lead Shackle to the 
construction of “focus-outcomes,” focus points which represent to the 
individual what he “stands to lose” and “what he stands to win” 
sven a certain course of action. 

We have limited ourselves severely in this description of some 
ee ane for the making of choices, particularly in. neapes to 
have Penis properties of such models. For our purposes, we 
“Ve preferred to concentrate on psychological considerations. We 
“0 tot wish thereby to decry the value of formal models. They are 
immensely stimulating to research. They offer a guide to experi- 
ee And they sharpen the search for variables that must be 
“Sen into account if a model is to fit more closely the ways in which 
individuals in fact make decisions and allocate choices. Our “ideal 


Strateciac” : hie 
itegies” are offered in much the same spirit. 


TW Ay ae 
0 NEGLECTED VARIABLES 
Thus far, the large problems that have « es 
Chapter are four: the nature and availability of cues my probabi istic 
Catag<ceie Mi ep ne - the task, the opportunity 
tegorizing, the individual’s conception of pera igh PP ess 
to Validate one’s use of cues, and the way in which the consequences 
of Categorization affect cue usage. These are massive topics, and 
we have made only a beginning ,1n treating them. At least two 
i ee agpitude remain undiscussed. The first has to 
Problems of equal magni : ae Tee 
do with tt le and nature of confidence in one’s use of cues and how 
I 2 2 . . 7 
this ‘ PAS oe “subjective” factor affects categorizing behavior. The 
Sa tedly § Ses ae ; 
; Fe : the conditions under which an individual abstains 
cond Sa ider each briefly in turn 
e onsi : fly : 
from categorizing. Wec é y 


concerned us in this 
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“Confidence” is essentially the deg: UTENESS & Person ; 
making a categorization. It peers | elements. The ¢ : 
the confidence an individual reports in m tkin g a specific identife st ' 
of something as being a member of a « ertain Class, that a battles 
man, for example, is honest. There is also a more extended ual 
of confidence. It is the degree of confidence one has in one’s esti ing 
of the general validity of a cue. How much confidence CAN One 
place in the estimate that a “straightforward regard” is a cue 
better-than-chance validity in judging honesty, or that “shifty eyes” 
have only chance validity in judging dishonesty? oe 

The first of these phenomena—confidence in a specific judgment, 
not our principal concern here. There is a considerable body of 
research on judgmental confidence under psychophysical conditions 
Its relationship to the validity of cues, its effect on time spent in 
making decisions, its alteration following success or failure; these and 
other topics have been fairly well studied, e.g., Cartwright (194la, 
1941b), Festinger (1943a, 1943b), and Cartwright and F estinger 
(1943). 

What are the determinants of general confidence in a cue? Some 
of the determinants of general confidence are intuitively evident. 
ie oars of cue validity based on experience that one feels to 

elk Pees oe oe ye oo about the past validity of a i 
does one think a Oo meat oa oagd eri = sete 
alanis wheaete perative and how sure is one that it is possible to 
How successful has one been if 
e know from studies of aspiration 
success and failur based on a general summary of 


being faced ; aS comparable to the present one 
ie Ps and, more immediately, upon the 3 failure of 
performance. Indeed then ee 


Mate 


€ in situations seen 


eke that past success has the 
more than past failur i 
oe p € reduces jt (e, 


The preceding paragraph is arbitr 


ha a 

Saiulteae uae possible determinants ie sense that one could 

is * eterminants.” Jt suffices, hor, ts © Open is the area 0 

H : ‘d probloms that ‘sivas this acne t© point to the rich 
Ow does general confidehbe= 36 int i oe 

. a" in <a art ei h i by . 

behavior? Studies in problem solvinie gins affect one e's a 


fe A lack of cov 


ert of increasing confidenc? 
8» Winder and Wurtz’s study: 


g 
4 .. an 
F S1S of 
ot attain- 
L a C > i ck ot 
" EC L ! et cient st aceg1es 
: t e catege g¢ behavior in 
1 SS Cert cues 
of effect on individual decisions, it is possible to propose 
»otheses based on the general theorem that, given 
hich the s *s to be equally valid, that cue will 
reterred in which the person feels greater confidence. If, for 
mample, one utilizes the kind of judging situation employed by R. E. 
Looe i gives the subject two cues to work with, one pointing 
‘Ype A, the other 70:30 to type Y aircraft, a conflict between 
- b€ Tesoived on the basis of the amount of validated 


apaener the person has had with each cue. A subject in such an 
“Tk WOuld have enough experience with both to know that 


ce em anneal a 30 valid in its own right, but one of the two cues 

__ © en based on a longer learning experience. In a sense, 
~~ would have been “overlearned.” 

“nceivabie, finally, that where the outcome of categorizing is 


3 —— and gains to be won are great in magnitude—decisions in 

oe % the “high-confidence” cue “will be more marked. Such a 

ee is based on the general assumption that under these con- 

us the individual cannot afford the luxury of exploring and trying 
~ ‘he “lesser confidence” cue. 


tr... ¥ x ° 
"© ROW come to the question of making or withholding a categoriz- 


5 Shall one make a definite choice of alternatives on the 
“Sis of available cues or postpone decision? Consider a concrete 
“ample. A doctor is faced with a task of differential diagnosis: 
Whether a patient under observation, showing certain symptoms, 


‘ould be placed in one or another diagnostic category and treated 
‘cordingly. How much observation can and will the physician allow 
fore maki ing his diagnosis? ; 

What are some of the factors that determine when one passes from 
deliberation to decision? One way of approaching the problem is to 
ask what kinds of psychological factors tend to increase deliberation 
and what kinds to precipitate decision, recognizing, of course, that 
such a dichotomy is only heuristic. Two economists, Knight ( 1921) 
and Shackle (1949), have each proposed conditions that lead to con- 


a. , 


228 A Study of Th, 
tinued deliberation. Both of th writers speak of the 


e,° . . ras Yay: uncomn if ted A , 
of being in a position of choice, committed,  T] 
on the “pleasure of imagining possib iti 


’ 


king 


45 i 


and 


al, both of 
datible Poals 


1e individual} 


here choice is between two alternative means to a go 
w 


them highly promising, rather than between Ae incomy 
both of which one wants to reach. ‘Yet various psychol 3 
have suggested that there is an intrinsic cost oo ve in delay. 
ing identification or categorization. Bartlett (1932), eben, has 
made much of the “effort after meaning and the ab stipe of am. 
biguity, marshalling much compelling evidence on a on 

structure and to give meaning to ambiguous features o oo — 
ment. More recently, Tolman (1951) has proposed that it a : 
necessary to add to the list of human needs a Placing need cau 
of as an urge to give objects and events definite identity, “ re 
studies of the California group on the prejudiced personality (Adomo, 


et al., 1950) suggest the strong role of “intolerance of ambiguity” in 

Cognitive functioning. 
Generalization abou 

and the “resolution ne 


Ogical writer 


ency to 


tional in nature. 


ay be sheerly informa 
fresh information 


§ One may have the objective of gaining 
or of Organizing more efficiently the information 


ut if delay leads to present information becoming 
han one can replace it with fresh information, 
ously not so 


desirable informationally. Shackle 
ting things to say about “the Possibility of impen¢- 
: € reader igs referred to his work fot 
of this problem, © cost of further information 
uring delay is another Consideration, one treated * 
10n: 
i NOW" against oes me nae one balance the value 0 
still and the Possible value of 
Sum, the pleasure 
y stated in terms of the 
Outcomes expected with 
Purpose, do shed light oo oeY which, tho 


dies of vica 


> the positive ang 
delay and action, ay ee 


: ugh not col- 
to delay. Stu relation of 
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and-erroy behavio; ( VTE) at 
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with Probabuts 


oon vg 
Categorias 
h data. How long will 


(n 
Laire yoints in a 
Ue ae a 
< sted organism ae 


: motiv a 
1 I 


learning situations pr 
lay its choice of disc iminable. alternatj 
ay MS C aiscriminabie, alternative 


i 


red goal, one pathv 


ay being a good one, the other 


being och > aie 
1 papanek (1955), is that more highly motivated rats show fewer 


duction gain to be achieved from VTE behavior is less than the loss 
to be incurred from the delay of obtaining food that such behavior 
imposes. With the animals deprived for 12 hours, the balance seems 
to be more in the direction of error reduction and VTE, with time 
delay becoming secondary. Such an account is, to be sure, grossly 
ye, but it suggests the importance of analyzing the payoffs to 
De ac ieved by deliberation and decision as factors in choice behavior. 
m aia between “spectator” behavior and “participant” be- 
dhe sie oS Heidbreder (1924) in her early study of thinking 
ie a interesting questions about deliberation. What leads a 
” J ' to "stop and think” when an instance is presented in a concept- 
ation task, rather than rush into a hasty decision? Heidbreder 
hotes that such a delay in response is rare. “With a situation before 
them, the subjects seemed impelled to act promptly, though the ex- 
periment set no limit to the amount of time to be devoted” (ibid.). 
Frequently subjects would decide on the basis of a hypothesis they 
New to be wrong rather than delay response. In our own studies 
. categorizing with probable cues, this tendency to almost impul- 
‘ively rapid decision is especially striking. ty oe 
“to do something 


. may be that we have here a strong desire 
“Sout a problem or a belief that inaction is a sign that not only does 


°ne not know what to do but also that one has been reduced to “run- 
ion most of our subjects would be loath 


to make.* We can also speculate that there is something inherent 
ina psychological experiment that leads to such decisive behavior, for 
the psychdlogiial experiment is an occasion when the subject sees 
himself as being “tested by a psychologist for his actions—and “watch- 


~ sg 
g for the data to reveal a trend rather than trying to 


"Ing out of ideas” (an admiss 


* waitin : 
aoe engee before the data are complete is regarded by many subjects 


as a form of 
attitude (cf. Goodno 


Special training is usually required to overcome this 


ilure. 
= i and Pettigrew, 1955). 
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° > » A on * a 
ing and waiting is not ‘actio . e tend too readily , 
think of our experimental procedur tral. It is doubtful y,, 
they appear so to the naive subje Al in ul, however. our Nw 
guess is that the reluctance to delay a ategorizing decision and ‘ 
delay the testing of hypotheses are further aspects of the Search 4 


direct information. 

Cultural differences and individual differences in venturesomenes, 
with respect to the use of cues doubtless exist. The speed with 
which one person will pigeonhole another on the basjs of slende 
external cues—this is one of the most characteristic aspects of man’s 
general cognitive style: willigness to sustain indecision, whether it be 
equated to “tolerance for ambiguity” or not—gives the appearance of 
being a relatively consistent trait. It may be a function of how much 
information a person requires before making a decision, or, indeed, 
a function of how much risk he Is willing to take. The economist 
Marschak (1941) Suggests that there may be important individual 
differences in “venturesomeness,” in the odds people require in mak- 


ing a risky decision. Equally, there may be differences in the amount 
of information individuals require. 


Our object in treating the two “neglected variables” of confidence 


€en to raise rather than answer questions, for 


_ €quire far more data than are now available 
© the psychologist. Rather, we wish to point to the rich possibilities 


An overview 


Mica of our commerce with the en- 


vironment involves dealing with classes of things rather than with 
ye a and objects. Indeed, the case can be made that all 
oe ee depends upon a prior placing of events in terms 
titeed tc ae membership. A category is, simply , a range of 
ahs mae different events that are treated “as if” equivalent. In 
psycholo ee: chapters, we have been concerned with the nature of 
come ee categories and with the strategies by which people 
the cate iscover what cues they can appropriately use for inferring 
gory membership of objects and events they may encounter. 


fe eos : 
_ is quite apparent that a good many phenomena in psychology, 
n treated as quite diverse and put into different chapters of our 

izing. Conventionally, 


he oes can be treated as instances of categor 
‘ an is reserved for various forms of conceptual behavior. But 
Qe: ehavior involving the placement of objects or events on the basis 

selected cues may be profitably conceived of as categorizing, 
Whether perceptual or conceptual. The principal difference between 
identifying a visually presented object as an “apple” and a 19th 


Century statesman as @ “Tory” lies not in the Sta ee or aieat 
terials and cues utilized. Indeed, there 


identification but:in the ma : 
ble to differentiate percep- 


are examples in which it is almost impossit 
tual and conceptual categorizing, notably in language learning. For 


language learning involves learning to ee those sounds that are 
functionally equivalent and to ignore those differences in sounds that 
“make no difference” as far as distinguishing words is concerned. 
We have proposed in earlier papers that category learning is one of 
the principal means by which a growing member of a society is 
socializeaaem the categories that one is taught and comes to use 
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habitually reflect the demands of th 
To get on in his culture, the Navaho had best lear 
between events that occur naturally and tl 


nose trace ] , 
J 


craft, and the Englishman becomes adept indeed in placin 
by the stripes on his tie. 7 
While there are differences, to be sure, in the various phenome, 
we group as categorizing, it has been our conviction that a closer 
amination of the general nature of categories and of categorizin, 
would not only elucidate these diverse activities but would show ¢h, 
degree and manner in which they are similar in nature. The researeh 
we have reported has mainly been drawn from the field of “concep 
formation” so-called, but we would propose that our conclusions ay 
applicable to any phenomenon where an organism is faced with the 
task of identifying and placing events into classes on the basis of using 
certain criterial cues and ignoring others. 


The categories in terms of which we group the events of the world 
around us are constructions or inventions. 


The class of prime nun- 
bers, animal species, the huge range of colors dumped into the cate- 
gory “blue,” squares and circles: all of these are inventions and not 
“discoveries.” They do not “exist” in the environment. The objects 
of the environment provide the cues or features on which our group 
ings may be based, but they provide cues that could serve for many 


groupings other than the ones we make. We select and utilize cer- 
tain cues rather than others. In the first three chapters of this book, 
we have been much concern 


a : ed with the selective utilization of dif- 
how eee oF Srouping; why some cues are used rather than others. 
i Pesan . be combined in certain ways, how one goes from 
in a pia ee to the placement of the object 

ry. n the f ‘ ‘ é‘ ae . 
general discussion has bee ee Sallowing Seapters this mor 


; n elabora 
tensive series of experiments. ted by the 


truct " 
2.40907 Be ucted. Of this process, 
response to events, as when a 


ategories are developed i 

k generalizati “e eyeloped 10 

response to a specific stimulus. They Sep continuum emerges in 
combinatorial activity as when one ay also 


© constructed by 
presidents of the United States” or it +] y the class of “female 
centaurs. Or finally, they may approximate py _. Creatures called 
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ntrast to “concept formation,” 


4 = 
1 1 “.nnre} st att ain 
called “concept atte 


cearch for and testing of attributes that can be used to dis- 
ai, exemplars from nonexemplars of various categories, the 
arch for good and valid anticipatory cues. Since our concern has 
en with concept attainment, we have scrutinized it with more care 
han we have given to the process of concept formation, not that we 
one is more important than the other, but simply that one must 
place some limit on inquiry. 

Let us take as an example of concept attainment the work of a 
physicist who wishes to distinguish between substances that undergo 
fssion under certain forms of neutron bombardment from substances 
that do not. Note that our physicist does not have to form the con- 
cepts “fissile” and “nonfissile.” The essence of his problem is to de- 
termine what qualities are associated with fissile and nonfissile sub- 
stances and eventually to determine which substances will be fissile 
and which ones nonfissile by means short of neutron bombardment. 


This kind of problem is hardly unique. The child seeks to distinguish 
an a parent's Say-SO; the Army psy- 
adjustment to and 
n to the 


bis and dogs by means other th 
chiatrist seeks out traits that will predict ultimate 
performance in the Army. All such tasks can be stripped dow 
tollowing elements: 
_L There is an array of instances to be tested, and from this testing 
to come the attainment of the concept The instances can be 
characterized in terms of their attributes, ©. color, weight per vol- 
ume, and in terms of attribute values, the particular color, the partic- 


ular weight per volume, etc. 


2. With each instance, or at lea 


nderway, a person makes tentati 


st most of them once the task is 
ve prediction or decision whether 


im i i d before he is through 
—ae e him is, say, fissile, an 
pepe series of such decisions to be made. 


Wi = i a 
re he tok ee be found to be correct, incorrect, od 
varyingly indeterminate; ie.; whatever the decision, the instance will 
turn cob 4a. ee nonfissile, or indeterminate. Ww e refer to this 
as validation of a decision, the major source of information about the 
relevance ileal xhibited by an instance for its category member- 
ee decision-and-test_ may be regarded as providing potential 
: the number of attributes and attribute values 


tion by limiting eet ag 
oa eo nsidered as predictive of the fissibility of substances. 
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5. The sequence of decis; the Petson oy 
ing the concept, Le. en } he discovery of mete 
cues, may be regarded a rategy embody: i 
These objectives may be various in kind }y t in Beners 
tinguish three kinds of Objectives: g 


i, to Maxim}. y 
Sained from each decision and t 


rest af a: 
CESt or in 


nitive strain involved in the task , 


4h a 
Vithin manageab] 


e Or 
limits imposed | 
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Capacity; and ¢. to regulate the risk of failing CO attain the ti. 
Within a specifiable time or energy limit and to Tegulate any mM, 


forms of risk consequent to making a decision and test; 


Sting it, A d 
a strategy may be evaluated in the light ¢ 


the Subject “intends” these as his Objective 
Strategies are not here Considered as CONScioys 
avior sequences, Whether or not the Subject ig oop 
Scious of the Strategy he js employing and can tel] You its objective 
is an interesting but not a Critica] datum, 


etimes grave, sometimes not. A given wrong de 
c Ontract, a right one (e.g, — 

0 

an a new grant, etc. The set 
Cision and each outcome we re 


‘ ] 
of categorizing, the experiment 
i For if it can be e. 

egies can be isolated and described, 
> Second, that 


; . temati- 

l .- SUCH strategies will be sys 

ees oe a anges in the informations 3 oa and risk charac: 

strategy oi i Problems nm w ich the Strategies are used. If 4 

and failure oo re - to bala informational intake, cognitive strait, 

condition, em, hes Should be iscernibly altered by any imposed 
* m Oo . 
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. ai pilistic) and have varied information pro- 
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category iS not). We have also on one occasion varied the op 

- sty for validating one’s decisions about membership of instances 

portunit) i 

‘category. To alter cognitive strain, a variety of techniques has 

In ave fe) ¢ R 4 / 

heen used: increasing the number of attributes and values to be 


garched in pursuit of correct cues, using abstract versus concrete 
naterials, arranging the instances encountered in an orderly as against 
arandom form, speeding up the pace, and other forms of harassment. 
Risk conditions, as embodied in the use of different payoff matrices, 
we have also varied by asking such questions as: “How does one 
categorize if one is a sentry as compared to a searcher after ac- 
curacy?” or “What is the effect of changing the probability of obtain- 
ing instances for test of a particularly useful kind?” We cannot claim 
to anything like exhaustive testing of all the possible and relevant 
conditions and parameters. Rather, we have aimed at selecting those 
that seemed both theoretically relevant and relevant too in everyday 
Concept attainment. Several other variables, which for reasons of 
limited energy and resources were not studied, the reader will find 
referred to in the first three general chapters and scattered through 
the later chapters as well. If still others are suggested to the reader 
Y Omissions on our part or by our stopping short in our arguments, 
We shall have been well rewarded. 

Our first principal finding is that it is possible to describe and to 
evaluate strategies in a relatively systematic way, both in terms of 


their objectives and in terms of the steps taken to achieve these. 


‘re are, for example, some strategies that under certain conditions 
ively unstrenuous, and 


a informationally moderately efficient, cognit 
almost failure-proof. Conservative focussing, mentioned in Chapter 
>is a case in point. Each decision made about an instance encoun- 
tered yields a guaranteed intake of information, and this intake can 

One wishes be measured in terms of “bits” per decision. The 
Strategy neither requires the carrying of a large quantity of informa- 
tion in memory nor the making of involved inferences. F urther, 
Ziven no imposition of limits on time or decisions permitted prior to 
attainment, the strategy involves no risk whatever, for success is as- 
sured, It is a strategy nicely adapted to leisurely conditions in which 
the subject nonetheless is seeking an efficient solution, and it is not 
surprising that under these conditions our intelligent subjects employ 
it (if such a voluntaristic word as “employ” is appropriate here). But 
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should conditions one a re be 
posed on the pombe: Say ve ie ible” 9. OMe Aiscoyee 
which kinds of substances ane eg i r what no. he 
the strategy becomes less Eegropria 4 a Sense that its 

risks the chance of complete — d he es is 

in Chapter 4 was called focus ee ened tt fesse Sat 
properties as the conservative focussing aces By ye re as far aS cog. 
nitive strain is concerned. Its difference is that each decision Made 
either leads to the assimilation of a considerable amount of informa, 
tion or none at all. Given a limitation on the number of decision, 
that a person may make prior to Epicept Sas it has the prop. 
erty of increasing the chances of attainment over t e poorer chances 
involved in conservative focussing. The greater the limitation im. 
posed, the more striking is the difference between the two. We find, 
to use these two strategies as an example, that as one IMposes upon 
subjects a restriction in the number of instances they can test on the 


labor the details again here, 
line the first general point we 
strategies can be located and d 


a fair degree of definite 
Standing, the Way to the 


ing” in the formal sense, This is not a “find- 
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of cognitive activities that m urface, seem re 
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One of these is the tendency 


the tasks WE set our subject 
to fall back on a criterion # verisimilitude in using and 
That is to say, in attempting to 
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‘ajnating cues for categorization. 
-rentiate exemplars from nonexemplars of a category, as one so 
requently must in. science, medicine, and indeed in daily life, the 
jason will, in the absence of other information, tend to fall back on 
yes that in the past have seemed useful, whether these cues have 


been useful in an analogous situation or not. When the person is 
working with familiar cues but with unfamiliar categories this tend- 
ency will emerge and it accounts in part for the difference between 
behavior toward what we commonly call concrete materials (where 
such verisimilar cues are present) and toward abstract materials 
(where they are not). This “persistence-forecasting, » evaluating cues 
| onthe basis of their apparent past relevance, while it obviously has 
| Yalue, can prove to be a chief obstacle to the adoption of informa- 


: tionally efficient strategies. 
Another general tendency is the inability or unwillingness of sub- 
jects to use efficiently information which is based on negative in- 
stances or derives from indirect test of an hypothesis. Both of these 
require the transformation of information. An instance that illus- 
trates the negative case, what a concept is not, requires that one use 
t to infer what the concept might be. So too knowledge from an 
indirect test, so-called. An indirect test of an hypothesis, the reader 
Will recall, is illustrated by proving through elimination that one’s 
hypothesis is correct rather than proving it directly. We have found 


that, in dealing with the task of sorting out relevant from irrelevant 
rsist until they are able to make 


“ues in the environment, subjects pe ys 
tect tests with positive instances, and we have been at pains in 
Carlier chapters to evaluate the significance of this tendency for cog- 
ire nformation that results from 


nitive behavj al, it is as if i 
vior. In general, 
“in-the-head” eee is distrusted perhaps through an ap- 


Preciation of the possibility of the errors one can make in such trans- 


formati 
ae additional tendency to the others noticed; 


Fin ay note one ‘ 
ally, we may } y to prefer common-element or conjunc- 


it the tendenc : 
may hea to use (often inappropriately) strategies of cue- 


tive and ; 

soar are relevant to such concepts. We have noted fre- 
cuentist eal the primitive assumption that a class or category of 
i should be defined by a set of defining attribute values that 
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are additive: to be an exemplar of a cla Ss, an object should } 
isti 1 that characteristic and that othe ay 
this characteristic and that charac see oe 1er characterig 
Disjunctive concepts (and to a considerable degree, relational One 
as well, although these have not been discussed at any 
> 


° ne £ P length) Te. 
quire getting used to, and in searching for their defining Propertieg 


subjects often slip back into their primitive assumptions about con, 
junctivity. Whether this is a : universal characteristic of human 
thought or whether it is a reflection of the predominantly COnjunctiye 
logic and language of Western cultures we are not prepared to say, 

As for other trends observed—the greater amount of information re. 
quired for abandoning an hypothesis that fits one’s general notions, 
the tendency to reduce the number of cues one considers in makin 
categorial placements, the inclination to assume in problem-solving 
that “change means progress,” the impulsion to make use of every 
source of information when the going gets rough even though such 
eclecticism overwhelms limited capacity—these and many others are 
suggested by specific findings and seem eminently to deserve further 
investigation. 

In general, we are struck by the notable flexibility and intelligence 
of our subjects in adapting their strategies to the information, capacity, 
and risk requirements we have imposed on them. They have altered 
their strategies to take into account the increased difficulty of the 

choosing methods of information gathering 
than ideal but that lightened pressures im- 
Ss set them. They have changed from safe- 
moves allowed them. Th et the light of the number of 
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nq in large measure upon the nature o oe apie: to be made. 

| wig must make a decision fast about the identity of instances, one 
" some to place great reliance on cues that are immediately avail- 
| she for use, It is all very well to say that the criteriality of a cue— 
the degree to which it will be used for making an inference—will re- 
fect its validity or the degree to which in fact it provides a correct 
sis for such an inference. In general and under relaxed circum- 
stances, this is the case. But to leave the matter at that and call all 
| deviations from the rule “errors” is to miss most of what is interesting 
about the criteriality of cues. For cues will be used in a fashion 
commensurate with the objectives and payoff matrix governing a cate- 
porizing situation. If the objective is to reduce cognitive strain, a 
bee and more easily ascertained cue will be used in preference to 
tite. cee one of higher validity. If the risk of any form of 
ane iction from cue to identity is very grave, very likely the 
ase eatae available will be used to the exclusion of all others, 
validity. ana us. Indeed, one may think of the relation — as 
Sciam cue criteriality—the actual goodness of a cue and the de- 
ich it is relied upon in judgment—as being mediated by the 


‘a * . “ 7 
Payot matrix governing the situation. One cannot call it an “error 


if j 
Selective Service doctors use an indication like bed-wetting as a 
ntially unstable soldiers, even 


Mc attribute for weeding out pote ; 
there are better cues available. For the limit of time placed upon 
: *xamining military physician makes less immediately available 

“ues worthless, even if they are more valid. 

bjects to assimilate all the infor- 


‘ith respect to the failure of su dig mess 
Mation that can be extracted from testing an instance, again it is 


Cubtful whether such phenomena should be conceived of as “errors.” 
y, say the “lazy” successive-scanning 


an individual adopts a strateg 
Strategy he is destined not to learn as much from each test encounter 
; focussing. It is not a question of 


4 a perso nservative 
n who uses CO Z 
etror, but of the nature of the strategy being employed. If a strategy 


oO 
is built on direct test of cues, then negative information does not fit 
into the pattern he is employing. If he attempts to use negative 


inst indeed, he may end up by confusing himself and departing 
frou aaa ~ strategy he has been employing. Errors in 
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The last type of “error’—m J Pe Of inference 
made—is again not profitably viewer as error but should 1. h 
as a systematic response tendency related to strat, Ve aan 
disjunctive inferences, as mentioned earlier. Perhaps bees .. 
rare and not simply because they are ugly. So too 
we sometimes tend to make them more certain t] 
ularly if they seem “reasonable” or “impressive,” It jc a nice | 
how these tendencies come about, whether, as we have Suggested | 
structure of our language and logic imposes them upon us, Litt 
is added by calling them errors. They are dependent Variables. 
these tendencies, whose determinants have yet to be discovered 
We suspect that such misestimates derive from larger scale Strategies 
of problem-solving: aspects of behavior that might almost be called 
“style” or, as the French put it, “déformation Professionelle.” One 
develops on the basis of past encounters with one’s particular world 
an expectancy concerning the nature of classes of events. One may, 
by virtue of circumst gambling orientation” whereby 
as probabilistic. Or the mathematician may 
mations about the relational nature of classes, 
may lead to inefficient behavior in 
ay represent highly efficient 
Toader context of 4 person’s normal 
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nce of acts. 
+, various detailed features of concept-attainment strategies need 
“he passed in review here. Their principal features are already 
1 enough. What psychological status shall we afford the con- 
uct of a strategy? ~The point has already been made that they are 
, necessarily deliberate or conscious forms of behavior decided 


gon in advance by subjects and then put into operation. Oftentimes 
‘jects were unable to tell us in any coherent way how they had 
are the sequence of behavior showed systematic 
eae sb or ighly regular and skilled order. The concept of 
etiiaih ae ‘< would say, a kind of middling status. It is not a 

uct in the grand manner such as libido or habit strength, for it 


aes ae as an “explanation” of the behavior from 
nepnischesata = : the same time, it is more than a bare 
o extended se ik e ri an organism. It is, rather, a description 
tive in the Ate Pe 0 behavior, a description that is also evalua- 
quence acc am it proposes to consider what the behavior se- 

omplishes for the organism in terms of information getting, 


Consoesas: 
Pei of capacity, and risk regulation. 
ions that : neg formalizing the description of the series of decis- 
ideal Pet e up a strategy, we have introduced the concept of the 
% a yard egy. An ideal strategy is basically an analytic device used 
Operato stick against which to compare the performance of human 
‘tan “= a the situations we set them. It is our conception of the 
orm” of the kind of behavior we have been observing: the 


Way We would set a computer to do what the subject appears to be 
me It is, if you will, the opposite of the null hypothesis which 
‘tates how a subject’s sequence of responses should look if they were 
guided by random numbers.” We set a subject the task of cate- 


Borizing a series of instances exhibiting one of two possible values of 
an attribute, One value indicates the instance is an exemplar of a 
category 70% of the time, the other signals exemplar status in 30% of 


the instances: 2 so-called 70:30 case. We will find that under certain 
conditions of payo# and risk subjects will call instances containing 
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probably valued instance — he *, so ling the less Probab}, 
valued one such. Only a minority of our subjects may actual] 


a y Show 
a performance record of this ideal type, but we nonetheless speak of 


the subjects as tending toward this ideal strategy. So too in dic 
junctive concept attainment where we find behavior tending 
“ideal” negative focussing or “ideal” common-element Strategies 
although there will be few cases of the pure thing in actual behavior, 

This is indeed a common form of middling “model construction,” 
of the same order as proposing that in a tracking task subjects not 
only do not perform randomly (the null hypothesis) but that they 
perform in approximation to a servomechanism. Note, however, that 
while we have stated the formal or logical properties of various 
strategies, we have left completely open the issue of how they come 
about; whether by the operation of the laws of association, by the 
gradual growth of habit strength (although it is not evident what the 
reinforcements are), or by the subtle concatenation of phase se- 
quences in the cortex. We have sought to describe large segments 
or long sequences of behavior in systematic terms and whoever deals 


toward 
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na es or badness of a given consequence, it behooves 
student of behavior to pay closer heed to the sequential pattern- 
: of the behavior he is studying. These are points that have been 
| de much of in recent years and they are obvious. They deserve 
making here because they are peculiarly apposite to the study of 
cognitive activity. 
if, in studying problem-solving and conceptualizing and other 
allied activities, we are to emphasize the analysis of behavior se- 
| quences, then it becomes necessary to externalize the component steps 
_ ordecisions in order to get at them. The so-called “eureka” problems 
in which the subject is given all the elements out of which a solution 
must be fashioned are peculiarly unsuited to the requirements of 
setting behavior observably externalized, unless the problem is such 
that successive, attempted solutions can be observed. In the study 
o thinking, inference, conceptualizing, and other such diversely 
labelled activities, the great technical problem is precisely this one. 
_ belaaiog is to be viewed as strategy, the task of analysis can only 
snne by devising experiments that can get a lot of 
tially linked behavior out of the organism where it can be 
observed. 

One other matter of technique also derives from our emphasis 
“pon the analysis of strategies. It has to do with the use of indirect 
vr “cover-story” methods of studying cognition, a matter that has 
bedevilled the field of concept attainment particularly. If one pre- 
sents a concept-attainment task to subjects with the cover-story 


‘Nstruction that it is a task of rote memory (associating DAXes and 


8 with various curlecues), then the behavior of the subject will 
ctives of the task as stated and his strategy 


Will reflect the requirements set him. Let it be clear that the problem 
of setting the objectives in problem-solving and conceptualizing 
experiments is not a nuisance to be got rid of by “cute” instructions 
that conceal the purpose of the research. Objective-setting is a 
Critical variable to be studied as a variable; it is neither a parameter 
one can hold constant with safety nor an embarrassment to be swept 


under the procedural rug. 
er the pe procedural problem has to do with the working defini- 
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philosophical controversy has any bearing on the “MPirical stya, 


conceptualizing behavior, The principal Psychologica} COntro\m. 
has been between two views. There are those who urge that a _ 
cept, psychologically, is defined by the common elements Shared by,» 
array of objects and that arriving at a concept inductive] 
like “arriving at” a composite photograph by Superimposin 
on a common photographic plate until all that is id 

erges. A second school af 
thought holds that a concept is not the common elements in an array, 


but rather is a relational thing, a relationship between Constituent 
Part processes, 
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versy is relatively fruitless, We have 
ard a concept as a network of sign: 
Sate Zoes beyond a set of observed 
n object or event to the class identity 

ae object or €vent in question, and thence to additional inferences 
j Properties of the object or event. We see 

an object that js ted, shiny, and Toundish and infer that it is an apple; 
iS an apple, it yo 
€ unrefri erated, etc.” The workin 
definition of a concept js the network of inferences that are or may 
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ty Combination Room at Cambridge if one is a. a member of 


sent House, or b. a member of the staff of the University, or 
ted by the Committee of Management, or any feasible com- 
on of these. One may infer from any of these to “eligibility” 
ertainty, but one cannot infer from “eligibility” to any one or 
combination of these properties. It is a class that is neither 
aby conjunctive nor elegantly relational. And it is one that 
ple have great difficulty mastering both in everyday life and in 
“penments (cf. Chapter 6), for the vicarious functioning of cues 
‘pointing to class membership seems to violate the expectation that 


ann effect there be but one cause. 

nd r cet to the reader, from our discussion of strategy 

tom a canes - P esis ce out that es ay aed hes started 

whan Ne: that may be called functionalist. That is to say, 

does aia , : ae oii with the simple and inevitable question, What 

Mestion. — accomplish for the organism? : Such an opening 
and it is almost a universal opening question in the biological 


ences y ° . 
f ces, where one begins by asking, say, what does the circulation 
a question tends quickly 


dloo ; , q 
d accomplish for the organism—such 
may indeed 


‘0 recede j 
ede into the background. Circulation, to be sure, 
etc., to the tissues 


: 7 the function of bringing nutriment, oxygen, 
ery ie body, but before long one is more occupied with the means by 
“nich this is accomplished. So too with categorizing. One begins 
ening the first functional question by guessing that categoriz- 
5 Serves to cut down the diversity of objects and events that must be 
“ealt with uniquely by an organism of limited capacities and that it 
Makes possible the sorting of functionally significant groupings in the 
World. Eventually, one goes beyond this, as we have gone beyond 


to the conception of categorizing strategies. _But the first step leaves 
spoken of as the “objectives” of a strategy 


Its j : we 
mae oa eee evolved representation of our first functional 
Concern, Many psychologists, it would appear, deplore any admission 
of functionalism, feeling somehow that it is an invitation to the 

But to describe a function is 


Purposivist with his cheap solutions. 
not to explain it; it is only a preliminary to asking further questions, 
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By Roger W. Brown 


This discussion of the psychology of language is divided into three 
wats, The first deals with the speech system. The second discusses 
guistic meaning. The third considers the relation between lan- 


| gage and culture. The unit of analysis throughout is the cognitive 


_ Several recent publications have described for psychologists the 
ate findings of linguistic science. We know about the phoneme 
i form class but cannot yet be said to have assimilated them. They 
—— in our vocabulary as newly borrowed foreign terms, pro- 
ig hesitatingly and integrated with difficulty into the local 
—— The linguist’s knowledge of the microscopic detail and elab- 
ye Structure of his subject can correct our Own impoverished models 
m fhe language process. The findings of descriptive linguistics trans- 
. “ety naturally into the language of categories—the language of 
“ts book—~and in this form may be useful to the psychologist. 

Ultimately, we are interested in speech only because it is meaning- 
because the larger units of speech have reference to objects and 
“vents, Reference involves the co-ordination of speech categories with 
ld. Correct speech means more 
It means the properly selective use of 


Neaningful units. One cannot speak a language until one has formed 
‘ © governing nonlinguistic concepts. First-language learning, then, 
iS more than the acquisition of a motor skill. It is a process of cogni- 
tive socialization. In this process we shall see that the peculiar struc- 
ture of speech has great importance and in the study of this process 
appears our justification for the preliminary study of descriptive 


linguistics. 
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THE CATEGORIES OF SPEECH 


The movement to devise an international] 
its original impulse, the desire to 
tinguishable speech sound (phone) that might be he 
the world. The speech sounds were to be analyzed into a set of artic. 
ulational attributes, so that each sound would be a unique conjunction 
of positions and movements of the speech apparatus. T here are now 
many phonetic alphabets but none of them accomplishes this origin | 
Purpose, The goal is unattainable for the reason that speech sounds 
BEC infinitely varied. © wonder is that alphabets of about 50 sym 
a ad ee Ss could ever have been thought equal to the | 
of di eee SoR ve es the amount of agreement between authors 

=es0w. did: they happen to recognize the same 

number of attributes diffe 
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Linguistic scientists : 
a techniques for discovering 3 : : 
ke agreement about minor points of procedure and a 
deal of disagreement concerning the psychological status of the 
The following treatment does not detail all of these dif- 


srences of opinion. It draws most heavily on Z. S. Harris’ admirably 


sise Methods in Structural Linguistics (1951) but is not a presenta- 
fon of Harris since it is written with an eye to the problems of psy- 


chology rather than linguistics. 

Our definition begins with the parable of the coins which is an exact 
nalogue of the first stage in phoneme identification. Individual coins, 
hough never identical as stimulus objects, are said to be of the same 
‘nomination when they have a functional equivalence for economic 
orig Individual phones also fall into functional equivalence 
pa bit belonging to the same functional class can be sub- 
Nes ? ta another in a given utterance without changin 
Pn =~ utterance. Thus one can make slight changes in the 
into Pat a ity> and pitch of the [p] in “pill without changing pill 
‘ ies word. Mutually substitutable phones are said to be in 
sage in fe and the discovery of classes of free variants 1s the first 
nhac, E oneme identification. However, the class of freely varying 
identifeatio,. yet a phoneme. There is a second step in phoneme 

ion and this step is described after the procedure for dis- 


“vering classes of free variants. 
, Ming that we have undertaken to classi meta 
t ntry. We have available a sample of eight coins like those pic- 
ved in Figure 14. If these specimens are closely examined it is 
Clear that no two are identical. It may be our first impulse to divide 
m into two groups: the large and the small. The size attribute is 
Nac criterial for identifying American coins. It is predictive of the 
imate criterion—the exchange value of the coin. However, if we 
f the people who use this currency 


served the buying and selling © 
We might discover that they treat coins A, C, E, and G as equivalent 


ut distinet ema second group, coins B, D, F, and H. They might 
Pay no attention to size put concentrate on the nature of the coin edge, 
Whether it is rough OF smooth. Size would then be a noisy attribute 
in their categorizing of these coins. As another alternative they might 
use the darkness OF brightness of the surface as a criterial attribute. 


these units in any speech corpus. 
- jg some dis 


eme. 
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This seems an unlikely choi nn 
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brightness value as they pass: to hea | 
‘1 4 eG any 
currency is something to ay € of soil; 
: : : oats ; AE and 3 
a noisy attribute in American curren, This dimer; 
in so many areas of our life, such as id cloth; ee Titer 
ae 7 ‘& at ips 
surprising if we vaguely feel it an unfaj; exchange to ont itisny 
* SVC un o . 
half dollar for an old dingy one. oP ade, 


The linguistic scientist who studies the speech of an unfamil 
literate people is in a position resembling that of the 


He too collects a group of specimens (a speec 


j ar Dre. 
COIN Classip., 


h Corpus ) and tries ‘ 


A B Cc D 
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G 
Figure 14, . # 


discover the local categorization 


Must beware of his Own Categoria] Sis sounds recorded. aan 


Predispositions which might falsify 
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he first sten ; 
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the transcription Will not as harrow as one 23m-mana ge. Since 


unique sound), ther : h 
a © are sure ‘Tow (a symbol for each 
quences, Distinguishable és to be SOme 


re tee : recur ic Se 
in identi cal phonetic Cate will SOmet; rent phonetic 


. d 
stage of ph i ese so €8 be found imbedde 
P onetic Study, unds ar Bees of the frst 


Ate: 
or sep e at occurs in identical 
ang, tegorized by 4 


iaiten >. Were English, 
Pan” and “pa, > et. the 


S) 9 


I 
| 
| 


251 


| plosive 
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) 1 ph [ie i mmetimes iS 1 
0. ahich the second pHom =. : 1S mM 
fall in Wiee Eat ? : ete e| —: 
1 ae ‘ord is. Nowever, SOC pronounced with a 
» The same W ora ts, swe ? I 
EE ‘ 14 1: ce _ » msg ee . x 
atad [pl he kind heard in pin. Either form of [p 
r| aspirated [pd of th . I [ ] 


Our Sprachgefiihl classifies the [p]’s to- 
heir difference, but the 


instakingly enunciated [p]’s, released and unreleased, you might 


vel report the difference though noticing it for the first time. Any 
oy that puts the informant on his mettle, that puts a premium on 
| *uteness, is undesirable. What we want is his acculturated ear. We 
want a casual, habitual judgment, not an auditory difference —— 
Harts suggests that the phonetician produce A in its phonetic con- 
i pre then ask the native speaker whether A’BC is a repeti- 
without foc, In effect one asks if the utterances are the same but 
“Pan” ie on the particular sound. If the utterances were 
lent. If th an” no speaker of English would accept them as had 
ey wo a3 utterances were “nip” (unreleased ) and nip” ( release ) 
eel hat. be accepted as equivalent so long as the informant ae re 
“tative] 1s powers of auditory discrimination were being tested. - 
e ely the linguist might pronounce ABC and ask informants to 
Peat the utterances several times. If any of the “repetitions” were 


"scribed as A’BC we would know that the native speaker accepts 
*S equivalent to A. The parallel with coin classification is very 
h equivalent of giving and 


Clo ‘ 
*e for the repetition procedure is a speee 


"°ceiving change. hala 

‘ an alternative to the repetition procedure the linguist might ob- 
Serve usage of ABC and A’BC to see whether they correlate with the 
‘ame oy different nonlinguistic circumstances. In the simplest case 
‘BC and A’BC would be denotational words, used in pointing at mem- 


ers of j ‘ os, The informant would take one boy by the 
identity categories Bee dad abit takiog the other boy by 


and a “This is my son A 

the ee: a ‘ee pee LA this procedure is liable to serious mis- 

Construction A single pointing has no unequivocal meaning. Is this 
; lass of milk, milk, a container, or a thing? 


that 1 jass, 2 
denote as not tell. By careful attention to positive and nega- 


t 
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One pointing 
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“otal ss Each category is §iven a symbol. T. ee At The 
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origial phonetic transcription made ne Seige 
he categories were hi ; | 
ot they ae smaller categories than the new variety 
netic categories are not a ee 
: xact analogy for the 
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ategory—the phoneme. C me 
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are next concerned then oe . 
vering which classes of Phones can be calle sat) 
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vowels before voiceless consonants, 


ahonet 
Pe vowe a 
or VOW *. anatponries that ¢ ccur COT eme euy a 
ing the phonetic categories that occur in complementary distri 


ome that share distinctive features of articulation. This 


{Lb 


mong 


Nal. ae nen pre-velar and mid-velar [k]'s. Both are voiceless velar 
Toa | oy, In English the phonetic categories [h] (as in hit”) and [n] 
bs. a ‘sing”) are also in complementary distribution. No English 
Ced | ord begins with [y] and none ends with [h]. The phonetic [h] 

should not be confused with the silent letter “h” which does occur in 
list | tral position in English spelling. The categories [h] and [n] do not 
ary have articulational similarity. Phonetic categories having articula- 
27 tional similarity and complementary distribution are allophones of a 


single phoneme. The categories [h] and [y] cannot be allophones of 
the same phoneme since they lack articulational similarity. However, 
the two [k]’s satisfy both criteria for inclusion within a single 
phoneme. 
The letters of an alphabet transcribe with more or less precision the 
‘egmental phonemes of speech but there are also suprasegmental 
phonemes that are not written alphabetically. These may appear as 
the Printer’s space (juncture) or as diacritics in a guide to pronuncia- 
tion (stress) or in such end-of-sentence punctuation as the exclamation 
‘nd question marks (intonation). In English the utterance “market” 
» hot acceptable as a repetition of “mark it.” The second utterance 
hvolves an external open juncture (symbolized +) which is lacking 
ln the first. This phonemic difference signals a very great difference 
: meaning, In English also the utterance “pérmit” (stress on the 
"i syllable) is not a repetition of permit (stress on the second sylla- 
®). The former word is a noun, the latter a verb. In many lan- 
honemes. In 
one Bes (Chinese, Mixteco, Navaho) there are tone p : 
Mixteco, for instance, a given sequence of segmental phonemes pro 


. ”?> 2 e 

Nounce wi s tain” while the same sequenc 
w means “moun 

ath 2 lo a a medium tone. A syllable 


Means “brush” when pronounced with its tone is specified. The 
does not h d lexical meaning unless its ton p 
ave a fixed lext ificant feature of 


a : cee les is not a sign 
bsolute pitch of individual ge ae ea abe eeidas ay uttar- 


i Oo . »> 
Nglish speech but the paecste et A eteis “Vb: 36 hare” from 


a . : . # . 
Nee 1s significant. We ee ee statement of fact by altering the intona- 


“ Diphiees be » (1945) has found that all the significant contrasts 
“ ics complished with four levels of relative pitch. The 
nglish are pore: (juncture, stress, tone, intonation) together with 
the eee pein segmental phonemes comprise the total significant 
ir 
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ages Concerne( 
anguage 
ate phonemes 


specially, hea. 
j “Tice” and 
i English words as “rice 

ing the difference between such g 


: de- 
What part does linguistic meaning play in the procedure for de 
termining phonemes? An offhand char 


ing while : » if pressed to define “a 

ifference of meaning” might translate the Phrase as any difference 
in an auditor’s total response. is position js untenable since certain 

; splaced allophones will alter meaning in this | 

Ps With released [p] strikes me as rather jaunty while the | 

Semanti sititinely venstricted and tight-lipped. ~ This slight 


UP in a suffic; 
total responses to the’ words. H ey fe 
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d Categories 
pngli?e Nor is there any necessity to define the nature 
is often the creation 


ail purpose of a phonemic sn 55 
c ‘iphabet for a previously unwritten language. It would be 
vy 4p assign a letter to each category of free variants and thereby 
" writing system that would differentiate all utterances the 
vive speaker distinguishes. However, a simpler alphabet will ac- 
wplish the purpose. Because they are in complementary distribu- 
son a set of allophones can all be assigned the same letter. It is not 
essary to assign different letters to the allophones since an allo- 
mic difference is never the only feature differentiating utterances 
he native speaker finds different in meaning. The long and short 
| fo in English can be written with one symbol because there are no 
aye words distinguished by vowel length. The differences be- 
| aap oni always redundant and so need not be repre- 
Miehiec suas y. However, not all categories in complementary 
| ct English wall NRE I by a single letter. The native speaker 
te 100 unlike ot at using one letter for [h] and [yl because they 
4Y distribution ee Using the combined criteria of complemen- 
that thin Sdn = articulational similarity, linguists have found 
Mi designed sr of speech elements for which an alphabet can 
‘beaker can lea ms be acceptable to native speakers. a ee 
it natural to us m his letters and spell at once. ch — e fin - 
that he reco : mies 5 symbol for all the allophones ap vis tom 
he feelin es the allophones ~s recurrences O© sien wie “ 
mark of A the native speaker for all aie ten is YP ; vs fet ans 
Phones [7] speaker of Spanish who said, with re = ahi 
The ultimn fis {s}), a etre pa Bi. ye ei haneme 
® the aint ernie os ee ne lane of a single 
symbol _ at to the native spea er O gn 
ese sounds in spelling his language. “a? 
One ase is a category of linguistic ee mig e — 
1“: Phoneme when they have articulational similarity and are either 
ttually substitutable in the same contexts or else are in comple- 


entary distribution. Using these criteria the linguist is able to 
es of any given language. These in- 


identify ¢ ; jhonem 

vidual eae ies for the naive speaker 
of the | tho the p 

caihegat pee ae me speakers of English operate with /t/, 
/ay, /p/, and the like. What attributes do we naive speakers use 
in a g the phones we hear? What are the stigmata that 
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le /d 
‘CAlLION Of crite; > | P lor } 
| terial attributes ¢° /¢ 
phonemes is still a program rather than an “CComplishy,.- 
te nee a. 4) oe ; I SAMent 
ever, the program is fairly clear. The attributes of staat 
: AV) 
nemes are of two kinds, acoustic 


and functional. 
available for studying the criteriality of both king 


The Acoustic Attributes of Individual Phoneme 
trogram pictures the distribution 
frequencies of a speech sound at any given time and so makes pose 
acoustic specification of individual] phonemes. To determine 1 
ecological validity of various acoustic attributes for ¢] 


and Proce ‘e 

S of attribute 
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ample adequately the 


Popula. 
tions of phones in each phoneme, and 2 


. to examine the spectrogram, 
acteristic of each phoneme, 1) 
acoustic attributes it would be neces- 


gorize the phones into phonemes. This 

y people at the Haskins and Bel 
Telephone Laboratories, Most of the work so far has concentrated 
formants of single allophones of the English 
ange of variation within a category, all the alle 
by voices that range from adult bass to a child’ 


be the same kind of category: 
There may also be prob- 


MDitious 
inaries aa Jakobson F Program of Phonemic — fs that 


is (195 alle with their publication Prelin’ 
"™Ppressed with the binary com’ 
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gories 
, and Catege 


"i, | gts . i< grave, In articulational terms the grave feature 
they | done pee or less comparted mouth cavity, while the 
re ; ae ei in a smaller or more divided cavity. The 
foature 5 : 
Me | nates u/, /0/, and /f/ are grave, and /i/, /e/ and /s/ 
8 a ° cute. The features vocalic-nonvocalic, consonantal-nonconso- 
| ntal, compact-diffuse, grave-acute, flat-plain, nasal-oral, tense-lax, 
SDeo, ctinvant-interrupted, and strident-mellow have been used to de- 
Luens we the phonemes of English. Each phoneme appears as a bundle 
Sible f concurrent features. Many of these features are derived from 
the | nore traditional articulational and acoustic studies, The idea that 
Sof | they all operate in a binary fashion is an added elegance. As yet this 
ula. J citing proposal has not been widely enough tested to tell whether 
ims itwill solve the problem of phoneme specification. 

To The potential criteriality of acoustic and articulational attributes 
eS. follows the general rule of relativity. Criteriality must always be de- 
i a respect to a particular category contrast. Using the 
; pie : boli _ traditional phonetics we should describe the [p] 

; i ay aay oiced bilabial stop since it is produced with a little 
Piosion of breath at the two lips in the absence of voice. If [p] 


i be distinguished from the [b] of “bin” the voiced-voiceless 
i aoe Would be important since [b] is a voiced bilabial stop. 
in? th le other hand, [p] were to be distinguished from the [t] of 
inye,., Position of articulation would be important since [t] is an 

“oiced alveolar stop; it is produced at the alveolar ridge just behind 


by Upper teeth rather than by the two. lips. In the Jakobson system 
we Phoneme is a unique bundle of a small number of distinctive 
of , 1.) and the same features serve to characterize all the phonemes 
ta language, It follows that any given feature will have potential 
“Meriality for some categorial distinctions and not for others. 

sy... Most important finding to come out of the work on pags 
PeCification is the reliable tendency for the phonemes of pile ae 
sage to fall into symmetrical groups. Thus, Jakobson can place the 
“ight English stop consonants at the eight corners of a cube with each 
Sid F f the distinctive features. The 

© of the cube labelled with one o 


Ticatives of Aum Beae English form another such cube. “iia such 
4 Cubed given feature or attribute is criterial for gates onemic con- 
trasts, It is nearly (but not quite ) true in phonemics t at an attribute 
Which is criterial for one phonemic contrast will be criterial every- 
Where else in that language, i-e., where two phones could fall into dif- 
ferent phoneme categories on the basis of this attribute they will usu- 
ally Be so. Once values of an attribute are distinguished there is 
evidently a tendency to distinguish them wherever they occur within 
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A 
a system of categories. By analogy we might say that if th " 
© 2 re t le 


grill distinguishes Fords from Chevrolets it is likely th 
having different radiator grills will fall into differen 
characteristic of the attributes of phonemes rai 

problem for the developing speech perception of children Whe,” 
child learns to distinguish [p] from [b] (as in “pin” and “bin a 
it follow that he will at once notice the distinction between all oth 
consonant pairs that differ from one another in this same attri © 
The attribute is traditionally that of voiced-voiceless though in Jakob. 


Tadiat,. 
lat any two ll 
_ . “ais 
nt Categories Thi 


Ses a most interes, 


} does 


€ context may render one of them 
Since the speech sound fills a position 
ext, the context may be considered a functional at- 
The probability of finding one phoneme and 
cribes the ecological validity and p 
for that phoneme. For some contexts 
1¢ phonemes so improbable that 
” If we treat these combina 
pabilities of occurrence, it 
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| ng @ | r 
| pmge"o f the combinations that are not allowed? 


the status of 
i. * cy eee | = ° 
iibited combinations are 


1S 


at . 
ee out any Suge st ’ - : a ee 
, ae} anpronounceal > WIT Gata SROWEIE as most of the things 
~ will not allow are practiced in some language or other. In 
we the “unspeakable” combinations that we 


oun he calls attention to the unsp 
nee “sixths,” “glimpsed,” and the like. It seems that the 
' wes summarizes cultural practice rather than human necessity. 
“However, Whorf writes as if there were a kind of necessity in this 
ctice. Of course this necessity would be’ cultural rather than 
human, Whorf sees an imperative in the formula. “A new mono- 
yllable turned out, say, by Walter Winchell or by a plugging adman 
concocting a name for a new breakfast mush, is struck from this mold 
s surely as if I pulled the lever and the stamp came down on his 
brain’ (p. 82). Whorf allows that Winchell might coin the word 
‘thrub,” since it is tolerable by the formula, but that Winchell will 
not coin a word “srub.” There is then a behavioral disposition 
‘reated by familiarity with the combinational possibility structure of 
a set of phonemes or letters. We may suppose that there is also a 
Perceptual disposition to hear “possible” morphemes and words. 
The linguistic distinction between possible and piepaere 
eatin can profitably be displaced by a wae: pre 
probable combinations. Whorf, at least, accomplished 

Possible” when he wrote “srub” and now we have done it also. I 
asked 30 native speakers of American English to invent mH 
‘yllable English words. Most of these inventions eet wae mi 
‘cording to the Whorf formula, but two, “Bz ae ober qd My 
0 the comic strips an “impossible” word is occasionally 


* is, in this 
favorite example appears in Al Capp’s Lil Abner. There is, } 


i + he goes. Capp draws 
ws ie colnet ea oe that follows him 


im with a miniature cloud over 6 , iteast. Peo- 
about drip tdaial vexpetital rain. This ei te "Joo Btfsplk. 
Ple flee hare aaanoaelll Capp ves Poplk” for the unspeakable 
| ect; - 
_ for ais pie / pees combinations arg ey ih Se “ 
I aaa ae an “ Fall under the .. a hi hl Eieeidty 
Such oe ae accurately described as highly 

uch combinations cing 
able. troduced the “transition probability” in his 
Shannon (1949) has in communication. Any sequence 


of 
book on the mathematical aaneed followed by a variety of letters 


is 
oe = Be ceectes in English usage. The prob- 


tions can be calculated. In describing transi- 


of English letters ( 
(or phonemes ) with v 


ability of various 
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letters rather tha 


of presentation, What wat 
W be 


tion probabilities we will take English 
as our units. This is for convenience 
said of letters applies also to phonemes, 

Consider the letter “T.” Suppose we know all 
low “T” in written English and know also thei 
of occurrence. We might write each letter on 
the number of slips for a letter proportional 
which the letter follows “T.” Then if we were 
to follow “T” by drawing at random from the sli 
be likely to draw “H,” less likely to draw “R,” and most unlikely tg 
draw “P, B, F, V, Z, M, N,” etc. Suppose that “H” is drawn, we might 
then use this new letter as context and again draw a letter to follow, 
The drawing would, of course, be made from a new collection of slips 
tepresenting the relative frequencies with which “H” is followed by 
various letters in written English. Proceeding in this way with each 
Successive letter we should construct a second-order approximation 


to English which is a sequence of letters built on the transition prob- 
abilities for successive sequences of one letter. 


As the amount of antecedent context used increases, one speaks of 
third-order, fourth-ord 


er, nth-order approximations to English. A 
first-order approximation would be constructed by drawing letters and 
the printer's “space” according to their relative frequencies in ordi 
nary text. The zero-order approximation is constructed by drawing 
aesandom the letters and space with no allowance for the rel 
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of Thinki, 


the letters that fo) 
T relative Trequenci 
slips of Paper, makin 


to the frequency with 


to add a second letter 
ps of Paper we should 


necessary to construct these sae 
The expedient used relies on t 
on by his acquaintance wit 
of his native language. 5¢” 
letter at a time. For 
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at bs expected to reveal their kno 
nig ,| probability structure in the responses they would make 
ee recite This same knowledge should affect the percep- 
jon of speech whenever the audible pattern is somewhat ambiguous. 
“In an experiment described in the foregoing, native speakers of 
\merican English invented “new” English monosyllables. For an- 
ther experiment we selected the first 15 of these monosyllables that 
contained exactly 4 phonemes. John Carroll, of the Harvard Grad- 
uate School of Education, kindly allowed us to use his table of first- 
ader transition probabilities to calculate the average transition prob- 
ability for each of these manufactured words. Carroll’s table was 
constructed from a large sample of American English speech. It 
records the relative frequency with which every English phoneme is 
“sili by every other English phoneme. One of the invented 
ma syllables was /guwp/. The average probability of 
ansitions for this syllable was determined by noting first the fre- 
quency with which the space or juncture is followed by /g/ in the 


Carrol] table and the frequency with which the transition from 
- 
B/ to /u/ Occurs, and so on with the transition from /p/ to space 


ee tte the column of frequencies. The mean of these frequen- 

is Mi average transition probability with a single antecedent for 

- “yllable, The 15 syllables varied widely with regard to this 
ue, 


¥¥ 


ponguge 
wledge of the language’s com- 


Pies 15 syllables were then transmitted from one subject to another 
_ 4 Series of 15 sioeamaiaal repetitions. The 15 subjects, seated some 
Stance apart in a line stretching across the room, covered their ears 

While | spoke the syllable to the first subject. This subject then spoke 


© syllab] _ Each participant uncovered his ears 
wheal to thonjaal the final man in the row spoke 


“nly while listenin i 

8 it in phonemic transcription. 
© syllable to me and I pe abi unaltered. One of these had 
the hi ability and the other was fifth highest. The 
raising 1S en x Hea in the en mt aenggeey re- 
Production. In only two cases did the final syllables ee ieee 
erage robability than the original syllables. The remaining 11 
syllables pw i ed into more probable combinations. The two that 
. ble both ended as actual English words /koft/ 
i less Lage (crock). While these combinations had a 
eas ane a ability than the syllables from which 
re: erie jawat/ and /kraed/) they have, as total forms, a higher 
ae Fas 15 original syllables had slightly altered from the form in 


Of the 15 syllables two ret 


ey 7 
= Pipe oy 


vend 


a 
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which they had been created. In each of seven Syllables \yo n 


lated one transition which is given zero frequency in the ¢, 
These included such improbable combinations as /pm/. /pn/, io 
etc. All but one of these was changed in the Process of 
reproductions to a more probable combination, 
/zt/ was displaced by its unvoiced equivalent consonant /S/, which 
frequently precedes /t/ in English. A syllable beginning With the 
velar nasal /1/ changed from /nm/ to /dty/, putting that nasa] where 
it belongs in English—the final position. 

In general, this little demonstration shows that nonsense words 
change in successive reproductions, into more probable forms. The 
conditions for speaking and hearing were probably as good as they 
are in ordinary speech. Whatever stimulus ambiguity existed here 
probably exists also in ordinary speech. The auditor quite sensibly 


makes perceptual judgments in accordance with what he knows of 
English transition probabilities, 


In listening to ordinary 
abilities must be a great h 
most probable guess wil] 
validity of each context at 
finding the particular ph 


Sive 
> /z/ 0 


= 
Poa 


ms 


speech, knowledge of combinational prob- 
elp. When the speech is really English the 
most probably be correct. The ecological 
tribute for a phoneme is the probability of 
Oneme and no other in that context. The 
Surrounding context /sk-zep/ (“se-ap” ) predicts almost perfectly 
/t/). The Context /t-n/ has a lower criteriality for a whole group of 
vowels since we have'the words “ten,” “tin,” “tan,” “ton,” “tune, 


The context has some criteriality, however, since no 

iil ely to appear in the vacant position. 

ert aatist ordinarily be an important factor in the iden- 
“8. Why, then, worry about the acoustic at- 

Bolation?= The-acoustic experiment is rem- 


. Situa Ti 


tions in which depth perception 
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age and Categories 
is 
| ver the contextua’ t first learn s ; 
ditory charac! rj . | 4 
nar) onversatlo! how thie Finctic ~ ‘ 
nary CO! : functional attributes are 
ert some phonemes from probabilistic 


font nd may ° y 

at rl r I} the weoiist ». attesh 5 ° 
categories. If the a ustic attributes admit of several al- 
te ization the functional attributes are likely to provide 
tor choosing between these interpretations. In the stream of 
acoustic attributes combine to define 


» the functional and 
f and, in defining yhonemes, they define the larger meaning 


tterances 


The Attributes of Meaningful Utterances. The meaningful utt 
¢ is more easily defined by example than by principle The pe 
: ‘ eneee but its constituent phones are not. ahead “a 
| ma a nee are all meaningful as are the linguist’s mor- 
phrases. Allophones, phonemes, distinctive features, and 


There is no semantic common denomina- 
»> 
” These few ex- 


terance that ; 
en that is adequate for present purposes. 
ch is not so advanced 
conventional unite e and paragraph are 
s in some written languages but are not used in 
ecise definition. 


t of the word but not to be 
i be identified 


Spes 
‘Peakers will sometimes pause : 
Mas their discourse. The free morpheme 15 4 wee 
Of analveis 4 emantic un 

ysis into smaller $ owev 
‘nd “man” are all free morp Fry it oh ~ into the fr 
dogs” j single morpheme sage “ trp 
form “ oe e ound form “-s.” A bound form like “-s” never 
m “dog” and the a semantic content—in this case the 


PP. in isolation but it be 
idea of plurality- aningful utterances have two kinds of attri 
tributes. 
honemes, the segmental phonemes, the allophones, 


Like p , include 
Stimulus axel phonemes—the whole substance of the utterance. 


im» 
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Functional attributes are the phonemic contexts ; 
may occur. The potential criterality of such 
the probability of utterance occurrence in a gi 
kinds of attributes are described now. 
Stimulus Attributes of Meaningful Utterances. The first Princip) 
of systematic morphemics (Nida, 1949) is the statement that for 


n Which aN utters 
a functional attri} - 


Ute j 
ven context. hese. 
Wo 


hing 


t for 
“ne Sy pale Ms 
which possess a2 common semantic distinctiveness and an identical 
form in all their occurrences constitute a single morpheme. Identica 


form means the same phonemes in the same sequence (not necessarily 
contiguous). For phonemes are the attributes of morphemes and 
of all meaningful utterances. The individual morpheme, as also the 
word or phrase, is specified by the conjunction of particular phonemes 
in a particular sequence. The category can be changed by altering 
a phoneme or disturbing the sequence. 

It is a little difficult to accept the phoneme as an attribute. We 
have grown accustomed to it in the role of concept. The internal 
complexity of the phoneme is now so clearly in mind that it is difficult 
to accord it the simplicity of an attribute. There is, of course, quite 
as much complexity in such familiar attributes as the color red, the 
form of the circle, the tactile experience of hardness. To be cate- 
gorized as “red” a color must fall within critical ranges on the 
dimensions of hue, brightness, and saturation. Similarly an English 
eas. SP etonant must satisfy conditions of energy placement and compara- 
____ Hive intensity to be classified as [p]. As attributes of apples and of 
= _Tedness and [p] lose their internal differentiation. The 
i ne phoneme, is a category that is analyzed by the 


nl 
oi 


ty in the particular allophone form 
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J S oa 
| would be used where the 


at + ré ) ture youl 
ty however, tat bh | | 
yf Z . I< ~ _ ro ee a d : “ 
ere not clearly produced and the context gave no 


= 
fas) 
—_ 


 psonants W 

Attributes of Meaningful Utterances. Phonemic equiv- 

+ guarantee that two utterances will have the same 
o 


ffix “-er” in “runner,” dancer,” and “teacher 
of “taller,” “older,” and 


fntion al 
# does no 
| se The English su 
had the same meaning as the “-er” 

The former is used to designate the performer of an ac- 


sronger. 

| son: the latter designates a higher degree of some quality. The dif- 
izence of meaning that is not phonemically signalled is conveyed by 
functional attributes. The agentive “-er” is affixed to verbs while the 


smparative “-er” is attached to adjectives. This systematic difference 
n context keeps the meaning clear. The phonemic sequence “-er, 


ppearing in isolation, is ambiguous. 
i English some words are phonemically identical but distinct in 
“eaning. Phonemic equivalence is not, of course, the same as 
“eatical spelling. Since stress is not represented in conventional 
‘uch pairs as “pérmit” and “permit,” “présent” and “presént” 
oe However, they differ in the stress phoneme. The word 
"bored = ‘ board of wood” is a true homophone of base as i 
but the + psycholinguistics.” These two are spelled dif erently 
i difference between “board of wood” and “board of directors 
bes nie in writing or in phonemic sequence. The ea erin 
cntere distinguished by placing each word iy a hig ly me “e 
MBit Those are different boards that are ae “ sais —_ 
‘Aetee board of wood,” board of directors,” and “bore psy¢ 
Suistics.” The functional attributes sort out different meanings 


Or x 
phonemically identical words. ‘noful utterances 
~"ansition probabilities ean be computed for ge an treat any 
4 4 method like that used with pase pre a ie a word 
Ctio ional attribu ' 
n of a context as a funcitet f the context corresponds to the 


or * . 

Phrase The ecological validity © a 
; ular form in the context. Thus the 
to come to the aid 


Probabilit r arti 
' y of finding one P 
‘ent “ : time for all g — to< 
of ree ia pagel “men” that the acoustic rear ea 
reall} party is so tie utterances have identical stimulus attribu es 
b Y Tedundaaaaa importance of the functional attributes is 
Yt diferent saa usually, however, functional attributes join 
specially clear a aes to identify 1 the utterance. 
: Parts of Speech. If we were 


With stimulus attri>0 ional 
Higher Order sample of English speech we should find that 


to record a very pens 


there are some ™ 


or words that occur in the same context. 
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A Study 0 


. * e “Th _ ° ]” , in 
In the linguistic frame “The __ is good” we might find “book » « 
“house, “speech,” and many other words, Appearance “e trea” 
linguistic frame provides a basis for c 


of words. 


C. C. Fries (1952) uses the linguistic frame to de 
functional classes which correspond roughly to the Conventiona| 
parts of speech: noun, verb, adjective, and adverb. Beginning With 
a large sample of telephone conversations he finds many words in the 
frame “(The )—is/was good.” All of these are nouns. Fries goes on 
to define Form Class 1 as “a body of words that belong to the same 
part of speech by virtue of the fact that they can all fill this Particular 
position” (p. 78). It is not necessary to find a word in this contex 
to identify it as a member of Form Class 1. A native speaker of 
English can judge of any English word whether it is a possible entry 
in this test frame. This possibility has nothing to do with semantic 
Suitability but rather with grammatical acceptability. Thus the 


utterance “The devil is good,” is perverse in sentiment but quité 
possible grammatically, 


The functional definition of th 
improvement on the older sema 
the noun, for instance, is the 
ons and places can be relia 


t > 171 : Wve 
ategorizing together a collec 
Q 


fine four large 


= 
. ee ee a — <r = 


et ta 


€ part of speech is, in some ways, an 
ntic definitions. According to these 
name of a person, place, or thing, 
bly identified but “thing” is clearly a 
_ for whatever is neither person nor place and yet nominalized. 
aero Budding” attributes in “virtue” and “truth” yet both 

Un the other hand, as Fries notes, “blue” is the name of 
a noun in “a blue tie.” Functional rather than 
P > the ultimate criteria for recogni- 
even doubtful whether semantic 


+ 
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aoe and Categories 
i be desirable to substitute a probability continuum for 
oe dichotomy. The English speaker s judgment that very 
et fll the gap in “The —_ is good” may derive from the 
ig frequency of such an occurrence. Members of a part of 
“+ may be words that attain to a certain minimal probability of 
Saas in a given language frame. I think, however, that some- 
a little different is involved in these judgments of grammatical 


sibility or impossibility that define the parts of speech. The 
eoiguition that “The devil is good” constitutes a possible English 
iterance probably does not depend on actual experience of this 
trance. The judgment would surely be made even if the word 


lox ]” f . “< ey? ° 
‘il’ had never been heard in that frame. “Devil” will have been 
beard in such other frames as “The __ is bad,” or “The —_ visited 
“tl. In these frames such words as “man,” “woman,” “dog,” 


mayor, ete, have also appeared. The general functional equiv- 
” “dog,” and “mayor” would lead 


“me of “devil,” “man,” “woman, 

ae seas this: equivalence to the frame “The —_ is good.” If 
this Pm 2 dog, and “mayor” have actually been heard in 
Ocupy th en it will be consistent to believe that devil is ae: - 
times an a ‘ame position. I might write The very is gees oe 
devil ig au it would not seem acceptable in the sense that © : 
into a 1s acceptable, That is surely because very . ae 
otal ey Unctional class and “devil” into another on ms asis o ae 
fF d¢¢ Perience of the language rather than from a prea g 
Usefy] . ences in a particular sentence. sores om ith 20" 
Diblty = part on a ee te is ity founded 
; Y or impossibility on which the tes Pp SO we 5 


imp] 
Y On experience of the test sentence but on val ¢ 
Sores cbainidiagl from total experience with the combinational 


Pobabilities o 
f language. i 

© trade pr of speech are not the ony eo: — 
“Wnctional categories. Utilizing the notion of contextual pro a ili sei 
1 Would be ae to categorize words or eigen in aoe y 
Yatious wa : One could put together all the wor : i: fp 
Partioular so of probability for any set of op n most a 
ve el id have no semantic value for the native speaker. 
™ asses wou might find that he had functionally isolated the 
rs other cases one Lares or perhaps the class of proper nouns or the 
Me of living Crea or verbs of being. I should expect all such 
Class of verbs of raat? susceptible of functional definition by the 
Semantic categories | al probabilities. Indeed, I think functional 
_to us by semantic categories. Proper nouns 


Categories are suggested 


» 


are names of identity categories, Living creatures } 
attributes separating them fron 


nonliving objects, ven, the nat 
of speech may have begun as semantic classes now grown fay " 
inconsistent through historical change to the Point where Semanne 
attributes are only probabilistic in their association with the functional 
classes. All of this reminds us that language is more than @ formal 
system. It is a system co-ordinated with the nonlinguistic world 
The nature of these co-ordinations js Our next concern, 


THE RELATIONS BETWEEN LINGUISTIC AND NONLINGUISTIC 
CATEGORIES 


Utterances are meaningful when they are co-ordinated with non. 
linguistic or referential categories. We discuss first the classical 


evoked by the utterance. We shall find that this proposal does not 
meet the requirements of a 


desert image evocation in f 
of entities. This act is esse 


in other discriminating res 
later (cf. section on The 

An experiment on verb 
our discussion of language. In a stud 


words were shown to subjects while they were eating. The words, of 
course, came to be cond 


itioned stimulj eliciting the salivation re- 
sponse. Whenever a conditioned Tesponse is established the effects 
of the training generalize 


new stimuli to the 
stimulus. 


“style” in both 
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xg ond Categories 
po eneralization to the homophone was 


fs . ~ 7 oO 
"hildren aS subjects, the g 
on vn generalization to the synonym. The concealed, non- 
stp! le C ” “ ° 2? ° 
‘al silarity of “style” and “fashion” is learned and only over- 
| y of sound after some experience with 


more direct similarit 
For the adult, “style? and “fashion” resemble one 


“s the 

» language. 

her in meaning. 

The experiments on linguistic conditioning suggest that when an 
| ferance becomes meaningful it causes us to take account of some- 
“bi beyond itself, It has always seemed to be the central problem 

nt psychology of language to determine the nature of linguistic 

werence, Because utterances often acquire meaning through associ- 

" 2 with emacs referent object or event it has been easy to believe 

iuta meaning is an image of such a referent. When the word “style” 
| we. ee “fashion” to a child it is merely because he has not 
| the ag “ion yee have similar meanings and so simply treats 
| tanparent. mls s. For the adult these words have become 
| aps we may say that the adult sees through the 
mon referent image. For the child the words are 


Words to their com 
til] opaque, 
The . 
the roars Mental Image. The philosophers and psychologists 
ceived linguistic meaning to be an image of a referent object 


sed t . : 
° worry a great deal about the kind of image that could give 
A proper noun, the 


neanj 
Name p to - abstract term, a class name. io 
of that * particular object, could be supposed to create a faint image 
or “vj object. But what image could one have of “triangle.” “man, 
Irtue”? 
wa PPose that the name “Ralph Jones” appears, 4S it usually would, 
icu] Verbal context that clearly determines its referent to be a par- 
i ‘fT man. Can we construct the imaginal idea that will be the 
ung of this word? How shall Mr. Jones be clothed in this image? 
i hich of the many hats and suits he has worn will he wear in a 
“age that his name evokes? Will it be more suitable for the essentia 
“tt. Jones to appear unclothed? Still this is the one mode in which he 
'S not geneva aa and association cannot account for the evocation 
is i If we have known Mr. Jones for some years his ap- 
me tly, his cellular substance has changed 
Pearance may have changed greatly, : 8 
altogether, there is only kind of structural-functional continuity. 
Clearly the name “Ralph Jones,” though identified with a particular 
man yaa a category of sensible appearances, an identity category. 
Our visual experience of the man is a vast collection of snapshots and 
we naturally wonder which of these is to represent him in the mind's 
eye when we hear his name. The fact is that concrete proper nouns 


—_ » 


A | ° 


tneor\ 


involve the same difficulties for _ an y | A wie * meaning as qo 
the class names ordinarily considered to we heaeseey An utterance 
naming a completely specified referent 4 ae psi x and On in 
this fashion: Ralph Jones on Christmas day at 9 in the MOMIng seen 
in right profile under artificial light by eyes naturally 18/20 correcteg 
to 20/20, etc., etc. : 

The difficulty that bedevils the imaginal meaning psychologist is 
that Ralph Jones the man can change many of his attributes without 
affecting the propriety of the designation Ralph Jones.” He js 
equally himself whether shaved or unshaved, bathed or unbathed, 
It would seem, however, that any visual representation of him must be 
either the one or the other. Since these are noisy attributes of the 
identity category “Ralph Jones,” we do not know what value to give 
them in the generic representation. Other attributes if changed will 
alter the propriety of the designation “Ralph Jones.” A certain rela- 
tion of facial features, a narrow range of heights, weights, and skin 
colors, are attributes essential to Ralph Jones. Clearly these must 
appear in his essential image. But with which noisy attributes are 
they to be combined? 

John Locke (1690) dealt with this problem in connection with the 
abstract term “triangle.” The idea of triangle he thought must be 

neither equilateral, equicrural, nor scalenon but all and none of these 


at once” (p. 509). The abstract idea might be a kind of average of 
the attributes associated with the individuals 
We can imagine th 


Galton obtained a generic photograph 
nsitive plate. Each subject sat at the 


The same region of the plate a with his full face turned toward it. 


to each successive face. Li 


representation. If equilateral triangles hes = “Ppear in his imaginal 
other variety then this will be the fo v > Common than any 


also, that certain attributes are idee es hee mies It is possible, 
sarily most frequent. The statue of Lincoln that s though not neces- 
coln Memorial may, for mysterious reasons, be the pPears in the Lin- 
posture we know though perhaps less frequ ee Inesque 
representations. me than some other J 


nd Categories 


ons? ‘ 


Berkeley 


ish 
ed dificult cases. 


ane VOC) 
" snimal are 
meant bO 


og 
of featl 


(1710) in his att ck 01 
\ / 
“The constituent 
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yn abstract ideas thought of 
st parts of the abstract idea 
body, life, er and spontaneous motion. By body is 
vat bod) without any particular shape or figure, there being no one 
jane or figure pcs to all animals, without covering either of hair 
* pi #e = ro am yet naked; hair, feathers, scales and 
ukedness being the distinguishing properties of particular animals 
nd for that reason left out of the abstract idea. Upon th 
n the same 
secount the spontaneous motion must be neither walking, nor flyin 
. a it is nevertheless a motion, but what that motion is be 
Not easy ive” > 
Eee vores PP. 9,10). A composite portrait of motion or 
se Sbsmers reels. And what of virtue, justice, charityP They 
ene ean portraits. Berkeley again, “I readily agree with 
uthor (Locke), that the f i 
hibts etiuinaneicaoeeasatell e faculties of brutes can by no 
Diana 5 action. But then if this be made the distinguish- 
4 at sort of animals, I fear a great many of those that 


ass f 
ss tor men must be reckoned into their number” (p. 14). 


Berkele f - 
ticular thing —— proposal is that ideas are always of some par- 
plemented with th en the word is generic the particular idea is sup- 
say and that it is unio that its accidental attributes are neces- 
When somethin Sexe for all particular ideas of the same sort. Thus 
tured but it j g is predicated of triangles a particular triangle is pic- 
is understood that the predication appl 


ies to all triangles. 
a young lady who 


On ‘ 
g the subjects of Francis Galton (1907) was 
“I want to tell you 


dealt in such specific 


about » 
rere and stopping there, 
remark. These came in a 


With h 


images. 


Galton said to her, 
he asked for her ima 


bubbling fres 


Tat 
Pa. boat, pushing off 
tony es dressed in blue and white” (P. 
Wheth were not so naive. 
er the boat was a skiff, 


from shore, full of 
51). 


Their images 


ges in connection 


het. She had seen “a 
ladies and gentlemen, 


Galton’s philosopher 


refused to be committed to 


launch, or punt. 


a wherry, 2 barge, 


float but it was 


logically sound. 


eir generic b I Latet 
ic boat probably wo I have been discouraged by a per- 


ron thinking about abstract images 
ae introspective b And yet I 
th as images but as perceP 

€ essential, not the particular, apple. 
of aardvark and zebra are 
the dictionary we 2? 
sential attributes and to 


of the particular 
ing at these 
values as W' 


bf 


of generic 
see how 
convey the inf 


ts. In childr 


it is poss 


tion are accid 
I find that I ignore the 
expressions 


animals. 
ible to direct attention to es- 
tion that certain attributes 
ental for the category. Look- 
size, color, and texture 


orma' 


such representations 


n’s alphabet books “A” is for 


of the animals. They are all 


972 Wiis. Thinkin 
se attributes. The gnat is as large as 
eee  Reate The illustrator means not t CO ai 
as smooth, an ith regard to these attributes. Those dime 
os iagelasl manifest the same values are thereby sj 
which scaled t dimensions in this case. Consider, for example, the 
be not significan ting the eyes of a generic animal. Should they be 
problem of ate a the two conditions alternate with both brief 
open or nae riodicity. A composite portrait will be heavy-lidded 
and prolonge as are open in all the animals one pictures (as jn 
but ea . it will be understood that the attribute is of no 
= for E eemckhing between them and may = eae 
ide-open eye of the picture now does not mean : ee 
exact in that state but rather that this feature tae : 
pression is not useful for identifying his generic eicnsicictieatll 
imals pictured in the dictionary are sig 
ta - a oe wings; the difference between ie te 
and feathers; the total bodily contour. To these we at os i ee 
expect these represented features to correspond to the actua tial 
of the animals portrayed. Equating attributes in an et ¥ are 
is probably not the only way of causing us to disregard t a only 
A feature sketched with conspicuous carelessness or peers in 
schematically described will also be understood to be insignificant. 


any case Bishop Berkeley with a little help from the dictionary —— 
us to conceive of the abstract visual image. By one means or en : 
attention is directed to the essential attributes of a particular imag 
that are accidental, 


Mmit his 
Nsions 9 


Snalled ty 


report images as the 
utterances often do not re i 
categories named in the utt 


- B. Titchener’s ] bates 
rightly colored, often audibl (1909) consei 


s ‘rt of the handle) and 
which is just diggin We, — 

material” (p. 19). He Suspected the aimee rE Sa os Be ated 
numerous injunctions de]; youth to - <n 
Greek phrases. There are nany ot} g ou 


ie 
ie ian 


and Categories se 


ogres fr000 Titchener- 
i] figure, the only clear par 
i) q ta +? (p. 18}: And, “Horse is 


Thus, “The stately heroine gives me a flash 
t of which is a hand holding up a 
to me a double curve and 


‘eo grey skirt i 

ef asture with a touch of mane about it; cow is a longish 
: j = 39 
tunel with a certain facial expression, a sort of exaggerated pout 


» 18). 

Swe is one of the few men who has ever claimed to have an 
age of Locke's abstract triangle. The master imager describes it 
s‘afashy thing, come and gone from moment to moment: it hints 
or 3 red angles, with the red lines deepening into black, seen on @ 
uk green ground. It is not there long enough for me to say whether 
te angles join to form the complete figure or even whether all 3 of 


the necessary angles are given” (pp. 17, 18). But now we notice 
i stattling thing about this image. It is not the particular image 
with essential attributes selected for attention that Bishop Berkeley had 
a us to expect, nor is it the generic image Locke proposed. The es- 
: tial attributes of the triangle concept are not clearly represented. 
am is uncertain whether the angles join and even whether there 
tian 9 angles. This is no composite portrait of the population _ 
his a , It is a very personal Titchenerian triangle. Notice some 0 
‘ &t images: the horse that is a rampant posture, the cow that is 
ios. rectangle. Titchener’s is an existential psychology. 
Ports what he sees with his mind's eye, not what the word logically 
as But have these images the properties we require of linguistic 
nings? 

_Liuistic symbols are generally ERONE.! ener ier 

association with their Te erents. ars 

*Oused by the bol should concentrate on the essential attribu 

of th y ye hich experience has shown to be 
iny “se referents, the attributes W ete Titchener, and most of 
when present. The images —— ve such clear distillations of ex- 
"© reported in his laboratory» a single accidental 
Petience, In some cases the I8eKs f the back of the head 


, > “but” was 
“perience. Titchener s image yal Titchener sat behind him 
is word while 


of as us 
peaker who often kind 
‘Na platform. In other cases it is - tion to the functional importance 
~th, _having n° re 
€ pout of the cow tion’ 
of the referent and MET Ganected wi 
the ima: ed are associati The i 
ges variety of ations. e image may 
appears to be # wt Fan Why are such images unacceptable as 
assume an form 
the meaning . os must be r 


epresentative of the class of referents 


2 
e J 
oad 
oe 
eS 
r ‘ 
a, 


Rene © Sones 
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A Study of T} = 
to which a word is applied in order to §]] the function for whe .° 
required. One of the things that may be confidently ExPected at a8 
man who understands the word “triangle” is that he will he 1, 


Ne 1? 


identify correctly actual triangles and will not confuse them 
circles or squares. We can understand this process by ana 
process of perceptual matching. If | am to meet at the ; 
tion someone whom I have never seen it will be useful ¢ 
me a picture of that person. I can recognize him by co 
pictured face with the faces of the people leaving the tr . 
eventually find that correspondence of essential attributes that ident. 
fies my quarry. We can conceive that a man is able to name triangles 
in analogous fashion, by comparing the temporary image in his Periph. 
eral eye with the generic image in his mind's eye. If there is con 
respondence in essential points the percept will be labelled with the 
name of the type. What becomes of this explanation if the image is 
not an essential picture but is Some sort of vagrant associate? With 


} 
ier. . 
iOCy wri. 

“i @ 


*} i 
}! 
auroad th 


mparin; 


flashing, and nontriangular triangle. 


behavior. It is unlikely, for 
“see” Titchener’s image of th 


would have done. Accidental images are 
I to another and yet these individuals may 

noting behavior. Students in Titchener’s 
Seminars agreed with hj in finding imagery to be the contents of 
Consciousness but they did 


x not agree on the Specific images. Where 
Titchener saw a colored Scoop for “ 


meaning” one student saw a great 
scroll unrolling an another saw a tangled skein being straightened 
Out. These diverse mages sugg 
ings of words 


One another. 
ing is the abili Stul utterances the ultimate criterion 
the category iden ed 'Y to use the utterance to name entities of 
this abilj and 


ohh oe imagery do not reliably predict 
naming behavior as evide/ ee agin meaning and rely he on 
naming certain} ‘a he Suistic understandin 


nly kind 8- The act of 
Standing. It is my mae of i Zuistic under- 
utterance n 0 understand an 
' (in the sense of 

Se a 

Bratt Sa 
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wa synaptic -esistance or neurone process growth) so that he 
wed to behave appropriately with regard to that utterance. 
ili responses that are appropriate change with contingent 
? No single kind of response can be vith contin 
but naming behavior is a salient element in the total 


rpc 
stane Od» 


sated in this book, 
wre are two important things to say about naming behavior. For 


' “abo pe se vee: a category the meaningful utterance of 
al oe on pte nh that the speaker possesses the same 
eaningtul utterance of Es ad : gee ys oe 
atpwy to be acquired another can function as an attribute of the 
vers ie ted . In the sections that follow, these two prin- 

panded and then their interaction in first-language learn- 


i is described, 
Speech ° 
as Evidence That the Speaker Has a Nonlinguistic Category. 


The conce 
ept has been defined in this book as “a way of grouping an 


“Tay of obje _ ‘ 
jects or events in terms of those characteristics that dis- 
the universe.” On 


NZuish Pi 
the rao from other objects or events in 
events” ig ¥ evel the evidence for “grouping an array of objects 
“cited 1, ——— kind of response elicited by the array and not 
| bowing 3 oa outside the array. The dog gives evidence of 
me and e difference between buzzers and bells by salivating to the 
hot to the other. The rat shows distinguish 


Citcleg : 
8 from triangles by jumping to 
er, Goodnow, and 
Nepating « 
Sative instances. A human $ tterning his 
ectly p@ S nat + subject has a con- 


Ce 
‘Pt. The do have been 
2 gz may ve 
"Ts, the rat to jump to pera triangitis book therefore add that a 
k attained when a subject is able to 
” Similarly a 


d 
<Ncept is considered to prate without further yap 
understood until it can be correctly 


identif 
y new fully 
Word cannot be said te keodhom not heard labelled. 
that ¢ ‘we use the same words but do not have 


extended to entities ‘that 
alt sometimes BEPP<Gonsider the Phrase “8 great poem.” A partic- 
e same ee Sve © See esrrtaning of 


a 


276 


meaning of this phrase. To convey this concept to hi in 
uses the denotational method. The teacher sets before bi ents 

series of instances of the concept: the works of Shakespeare ye , 
Donne, etc. The pupils learn to refer to all of these as “asics ilto 
They probably are not asked to identify new instance, of the cones 
When I. A. Richards (1929) asked Cambridge t 


undergraduates és ra 
terpret and evaluate unfamiliar and untitled poems he testeq their 


understanding of great poetry. They disagreed with him and with 
one another. Visual exposure to a set of poems cannot guarantee the 
abstraction of their qualities of greatness. One student might notice 
that most examples are in blank verse or that all involve some use of 
metaphor. Another student might recognize merit by the viscera] 
disturbance it sets up, another would find nothing common to the lot 
but a suffocating dullness. Discovery of the common red quale in 
many long wave lengths seems to be fairly well guaranteed by a 
healthy visual apparatus but the defining attributes of great poetry do 
not arise from the visual system alone. They depend for their emer- 
gence on the experience, cultural membership, and intelligence of the 
individual. It is not surprising that individuals abstract quite different 
concepts from the same reading. Evidently this is very commonly the 
case in aesthetic matters. The general disagreement over conten- 
porary art testifies to that. Many are discouraged by such elusive 

old judgment until an authoritative list 

century is published. “Time” magazine 

ings. Only a few years ago it referred 

f the four great pianists of the century 

the other three in rank order. While we 
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- How do we identify discriminatin 
ee a fa are to be discovered? To begin with, the 

sie ju §ment of e uivale A « » . said 
to be generalized to d nee; the “same” response is 


We do not often think of the 
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e force of the jumps; increasing the sensitivity 


seen Will reduce th 
she SUYY He . ° > 
i vet will lower the resistance to be overcome by the animal's 
a The ultimate functional significance of these responses is their 
‘jy to produce food reward. 
where the subject is human and the responses are verbal it is again 
sear that the experimenter makes a judgment of response equivalence 
jamay of entities is called by the “same” name. The bounds of 
etl categories are set by human beings. They are not built into 
be apparatus but are a cultural acquisition. Not all men every- 
eh will agree as to which utterances are the “same.” The varying 
ahs! as one word have a kind of functional equiva- 
sult i , Fé will produce the same social effect. This effect in 
ie al dom the reduction of primary drives. Once we have 
tence level er as. fed, speech generally operates above the sub- 
fon has a oi t is interesting to note, however, that when vocaliza- 
ited, The ress instrumentality this instrumentality is socially medi- 
ded in a 06 S ay of hunger is effective only because he is im- 
Wtsfy the RR concerned to interpret his utterances and to 
lems of the 3 they express. Speech responses are categorized in 
“tnunity pg: and functional attributes used in the linguistic 
SeSse5 g nonki ese responses can give evidence that the speaker pos- 
i “orrelat; nguistic category. The categorial response must appear 
new on with entities of a particular class and must be extended 
pees ntities of that class. 
Peech a a8 an Attribute of a Category to Be Acquired. Treating 
Sider th ‘a selective response, we said that the experimenter will con- 
Match dh Other One to have attained the concept when he is able to 
owey © experimenter’s identification of new instances. By this rule, 
9 we, we should never attribute to another a concept we ourselves 
of beh Possess, but in fact, of course, we often do. 
’ avior scientists and assuming that 
We thie: circumstances will lead us to CF 
We may oe concept to explain any response that captures our 
attention and appears to have been deliberately produced. The 
Presumption of ee oncept will be especially strong if the Other One 
Nanifests any communicative intent. Thus a stranger who stands in 
front of us and makes 21 07% iyatt: his hands is presumed to “mean 
rher' Dy ae Ef r vis 
ic sequence from some foreign language or an 
could be English, the presumption of a 


edit another with a concept 
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concept approaches certai nty. If 
ture uses the word “coelenterate” }; > estab] 
be filled in later. This is not the sense of e ategor, 

in the book: a category with known attributes by 8 Mies 


es but no known . | 
We have here an empty category in the sense that nothing 


by the unfamiliar word except the existence of a category, 
fessor's “new word” functions as a lure to Cognition, Jf 
thought in a way that his other actions—wagging his he 
talks, stumbling against the platform—do not. 
invidious thing to say of a new study that “it is Just a lot of ney 
words.” Chemistry, sociology, and psychology all ha 
vocabularies. The words are handed out early 
containers to be filled with experience. 
students’ complaint is clear in 
lot of new sounds for familiar 
learn new names for old meani 


Attracts 
: ad While he 
It is not Necessarily ay 


ve their Own 
in the term like empty 
The pejorative sense of the 


a full translation, “This course js just a 


concepts.” It is a stupid nuisance to 
ngs. The value of a neologism is that 
ormed. This signal has so often proved 
do not signal their new concepts with 
» preferring to alter the sense of familiar words. Perhaps it 
ertaking, a more modest rhetoric. 
ure for cognition because in a long er 
learned that such utterances are attti- 
ategories and that these categories are ordi- 
Of course, an utterance is a category in its own 
by functional and stimulus attributes within 


the semantic utterance is also a selective 
y some array of nonlin 


Socially contingent attribute. It will 
who is dj 


isposed to name auto- 
butes which ar. Béney the utterance is like maby 
of the Ford is an attribute 
mo m be seen, yp. Wess one takes up 2 
biles at the Automobile fale EO face an array of auto- 
S can be com 
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FT ifthe in the presence of an automobile-namer, contrasting 
d. The utterance differs from nonlinguistic 


erson. 
tterance from properly disposed and informed 


rs0NS. 

soe we are accustomed to thinking of color, size, and shape as at- 
sputes, it seems a little strange to call the name of a category an 
ribute, There is reason to believe that the name attribute has not 
jays seemed so unlike the other attributes of a category. Vigotsky 
IN) writes: “When children are asked whether it is possible to re- 
je the name of one object with that of another, for instance to call 
‘ow ink, and ink a cow, they answer that it is entirely impossible, 
veause ink is used for writing and the cow gives milk. The exchange 


aname means for them also the exchange of the qualities of the 
parable is the connection between the two” 


ects, so close and inse 
p. 38), 
Th i ° . 
| si rep utterance is only one variety of socially functional 
the < All sorts of discriminating responses are such attributes for 
ta ‘son who does not yet possess a concept but is concerned wit 
Ng it from the behavior of others and from the environment in 
p his coelenterate 


| Which 
natin’) Pehave. The biology professo ? 
the. 8 M One exhibition case. He wi mafonies.O 
n are distinguished 


| © Various ¢ ki 
oelenterates i ame week. Our 
co are marked out by the 


’ More than kinship terminology. Categories 
a of Christmas ile the pas for kissing, the likelihood of ask- 
; sate And so with e cong = 
ng, salivating, embracing, a 
beech differs from re other selective eee’ vi meter 
tt agetmucted from a small set of TT es Fe aiindion vittens 
ance fos also in its breadth of we and whenever there is 
practically every CONCEP” discovers the lack considers it 


n 
°t yet such an utterance the 
create ™ attributes for the entire con- 


's frst civilizing duty to 
g auty “providing 
Because speech is a system it would be possible to use the attri- 
“eptual repertoire of a coleeaoeent the relations between concepts. 
There are, as we know, mil- 


utes of the u to vision. 
Ponsider the categories OF eres obtainable from the color solid; 7% 
ons of just noticeable 41,6 Optical Society of America’s book, Science 
953)- test we colors. 
a 0 pores ae names. Evidently categorize up- 
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e that a native speaker of English Ss Presented with ‘ 
os f olors—the Holmgren yarns or the Munsel] Cc ~ 
“i :. =e to group them according “4 hue, ——s piles of those th 
her and ranging the piles in order of Similarity to os 
belong toget Id probably make a smal] number of piles, six ‘ 
another. He . ri oak the longer wave lengths at one end ap 
abies other, possibly making a circle to Suggest that the 
shortest wave lengths begin to resemble the om 
his subject were next asked to give the common names for 
“Lt ints in the color solid. We should find Many of these 
“Ss “ea Seog various pronunciations of “red” would vary but no 
oe = daries would be crossed. Moving along the hue di- 
team 8: solid we should eventually receive a “new response, 
seats ” This is clearly a new cn ae in Scan 
. i i ion in the solid we s 7 
aes Sein As each conceptual ea * 
ae there will be a phonemic change in eae bbe a : 2 
cept only free variation in noncriteria] attributes wil — jean 
ject’s speech. The groupings of the nonlinguistic so ‘ibaa 
served in this labelling behavior but the distance ee x 
is not preserved. This could be accomplished by making - P ne 
mic change Proportional to the distance between the color group 


ome- 
For example, as we move from the longest wave lengths to those s 
what shorter, w: 


of a word like 


n the vowel chart. Orange we 
We could then move through the wen’ 
chart as we move through the 8roups of colors, keeping the phonemic 
© the cognj 


we moved into a 


With very few €xceptions the 


i ic apc Phonemic attributes of speech are 
not isomorphic with intercategoria] relati 
Ports a case ; i : 


ons. Jespersen (1922) re- 

se in Which two ¢ €n invented a a that made 
is higher degree of isomorphism, They used the 
vowel Proportionally to the 

“n as they moved from 

y ‘arani Indians ex se 
yma Pronounced more slowly ew ea 
€vent increases. In Engh N we h Fa rd 
cally between breakfast and lunch ae is 


Jas 
ae i ain 
‘ ie A eS 


with the Suffix “. 
moteness of the 


runch” phonemj 
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, ond categor'es 
yf rhese are Tare exceptions. Speech, in general, does not 
; in this way. The phoneme ordinarily 


go seatie attribute : 
| a io identify equivalent and nonequivalent stimuli. 
A gas between categories are expressed by many different tech- 
* Consider, for instance, the sensory proximity and remoteness 
Teategories. ‘The sensory order could easily be reproduced in 

ange, yellow, green, blue, and violet.” The 


. ord order “red, or 
al sequence of breakfast, lunch, and dinner is reproduced 


jis sentence. Word order is conventionally used in English to 
avey subject-object relations as in the familiar contrast: “Dog bites 
za’ versus “Man bites dog.” Word orders are easily revised to ex- 
ees a variety of relations. Perhaps the most common means of in- 
inting intercategorial relations is the use of a free or bound mor- 
iieme naming the relation. The preposition “in” describes spatial 


. tai j “ 

«itiament in the phrase “the soup in the bowl.” The affixed “-s” 
The stimulus attributes of a name 
leave it free 


ible com- 


| 


iondlogic 


‘ptesses possession in “dad’s car.” 
© not : 

* poy a category in any particular relation but 
}. © Presented in infinitely varied relations through the flex 


“96 resources of the language. 
ses cee to remember that the semantic utterance, as a lin- 
quence Wats has functional as well as stimulus attributes. The 
 Deaker ms onemes comprising the word “stand would be used by 
lent oe English to label objects and events belonging to quite ei 
tands egories. Music stands, vegetable stands, and a oa rig 
lie functionally equivalent in their ability to elicit is word. 
‘ a are distinct nonlinguistic categories. Decne 4 recognize 
ate y does not teach us either of the other arrays. ai em 
When really equivalent in the nan Aer eae Set steer 
stand” is used to label one om A se iage egreeety 
ale of vegetables; and 


Un . 4 : 
os 'N contexts concerned with mus aes 
dis an : concerned W 

oun in contexts a verb. If the three arrays were 


Ih a fi 
n “«“ ’ j gs as 
al case “stand func ee asked to provide names he would 


Put in a: 
n dire and a 5s ; 
Ptobaby ct conte rere These can be created by annexing a 
y use expande pit of context as in “music stands,” “vege- 
» Distinctive phonemic sequences 


Particularly characteristic ne 
standing exists to demonstrate the functional 


le stands,” and ~ 
te likely to be used W ; 
NOnequivalence of tneakece the precursors of speech there is a kind 
with the nonlinguistic circumstances that 

ti. jgomorphism makes the cries especially useful 

" Something of their continuous isomorphism 


ames 


In the infant 
of innate isomor 


jie 
| 
bse 
Ppa! 
bes 
; 
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survives in intonation and, more particularly, j 
song. Sherman (1927) asked graduate students, Medica] 
and nurses to try to identify the causes of crying in children (thre 
ee 
to seven days old) who were concealed behind a Screen. It j, id 
known that the adults were unable to judge Correctly and thi, resul 
has been taken as evidence of the random character of early Vocaliza. 
tion. It is not as well known that Sherman equated the cries jn a 
tensity and duration. He did this because, in preliminary trials, these 
dimensions of the crying gave away the nature of the difficulty, The 
duration of the cry was proportional to the duration of the trouble 
causing the cry. Furthermore an abrupt stimulus gradient such as 
that caused by a pin prick resulted in an abrupt response gradient, 
A slower gradient such as that attending hunger resulted in a grad- 
ually intensifying cry. The loudness of the cry was generally pro- 
portional to the intensity of the discomfort The rhythmicity of 
hunger and colic pains was preserved in a crying thythm. In all these 
respects the cries of the child were isomorphic with his internal 
states. We do not ordinarily think of intensity and duration as se- 
mantic dimensions. However, the musica] aspects of adult speech 
are often meaningful, not in the sense of presenting concepts but in 
the sense of expressing the speaker. 
The earliest written symbols were representational. Such a symbol 
manifests some of the criterial attributes of the category of objects or 
While a stick figure has not the color, size, 
uman being, there may be a rough equiva- 
the figure and the trunk and 
of the moon and sun lack the luminosity 
of their Originals but Preserve the contours. Speech forms, also, are 
i of the movements of 


€n a name or a writt 


en Ss b 1 i ° age ae ible 
to translate the name or aE a 18 representational it is possi 


past experience. It js necessary, first of all oe eenalt of 
t is the referent of the name. Perhaps this is sometj he only 
Prerequisite to a correct translation, Saag t 
on — awings = a icins gs or of the half Moon a ma a 
unless one has 
Contours of their whi oe ee 


referents while neglecting other, neu S preserve the 


SY Criterial, at- 


in By 
Student, af 


, 
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neral rule, however, it would be possible to 


al symbols without specific prompting on 


‘cag, With this ge 
1e onomatopoeia in “cock-a-doodle-doo™ 


‘tute manly representation 
Patol TO discern tl 
CVULsh ° ' . 
veh foreign equivalents as kikeriki and coquelico it is necessary to 
* that the call of the rooster does not contain these specific 
Js and consonants but that it does fall into multiple acoustic di- 
sas do these polysyllabic words and that each division begins 


| muptly as do the plosive consonants of the words. 
| The ability to translate, with better than chance precision and 
Dapper specific word-referent linkages, is to be found with 
pe onomatopoeic nor imitative of movement. 
on ee P onetic symbolism is difficult to determine. Sapir 
acd i created nonsense syllables of the con- 
eles re variety and varied the vowels while keeping 
ables Were put to ries. the same (eg. Mal-Mil). These syl- 
which of the we ae er in all possible pairs and subjects asked to say 
Trey found that Prins the larger object, the brighter object, ete. 
erent syllables carried quite different implications 


B Mal 1:) 
: seemed to most subjects to suggest something larger than 


._! Brown, Black, and Horowitz (1955) had English-speaking per- 
unfamiliar and unrelated lan- 


ns j 
“hoe Ppa im pairs in such : } 
vith the . hinese, Czech, and Hindi. They provided their subjects 
Match Comparable English pair in each case and asked them to 
l ise foreign word with its translation. Subjects agreed very 
lee among themselves; 91%, for example, matched ch’ing with 
cept and ch’ung with “heavy.” They evidently shared some con- 
* of the likelihood of various meanings being attached to a 
ven Sequence of sounds. Phonetic symbolism, the usual name for 
f 


this : one : 
neg tehomenon, is inappropriate in 8° “oy it pe wane 
"ng is suggested by unfami y y po 


t liar speech. 
° make an absolute and unprompted translation of a morpheme from 
Such sounds 


“0 unfamiliar language eeanct net erate = vser4 
tj ; é the likeli that a so 
inds with any concepts but We can judge | on - sou 


p 


“sey 
*, 4 


ymbot | mething dark rather 
bolizes something large yee Members of a speech community 
babilities. This may be because 


than li 
ght, blunt rather 
a semantic pro 
Stee very well on ec a common language has familiarized them 
ee Jations of that language. The fact that 


their * P 
- cquaintance 
wi the sound-meaning re wn, Black, and Horowitz made correct 
ubjects in the study than chance success suggests tantalizing al- 
with ,. There may be in nature correlations between 
» data which impress themselves on men every- 
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where. Perhaps, for example, lar 8¢ waterfalls prog, hin 
than small waterfalls. On the other hand, teen - 
that have a natural intersensory application fo, all tn © at 
volume of sound as of space. If either of + nt 


he latter Ossi Te is, 
correct subjects from unrelated-to-English speech Commun; 
agree fairly closely with English subjects on the Semantic probahi, 
of foreign words. If these probabilities are entirely a cultura] — 
we would expect little agreement. To decide between these teal 
tations the Brown, Black, and Horowitz study is being repeated “ 
Chinese and Navaho monolinguals. 
In summary, then, a name is itself a cate 
It is furthermore an attribute of a nonli 


stances of the nonlinguistic category have the Property of evoking the 
name. The name is never the only kind of distinctive Tesponse 
evoked by a category but names are peculiar among such responses 
in that they have a common structure. 

guage are compounded of the same s 
tributes and there is a response of this 
every Concept a man possesses. 
Cepts in any kind of fixed relati 
lence and nonequivalence, 
The meaning of a name ca 
cates attributes of the referent category or because of systematic 
though arbitrary, relationshj 

of names and the attributes 


gory—a category of Sounds, 
nguistic category since in- 


All the names of a given lan. 
mall number of phoneme - 
type, a name, for practically 
In general, names do not present cot 
onship; they simply indicate equiva 
In some cases more than this is signalled. 
n sometimes be guessed because it dupli- 


In the Original Word Game one learns 


There must always be someone who knows the 


custom in wage in accordance with the semantic and grammati ; 
Ais communi The player erformance 
the tutor and learns t ty Player observes the P 


In forming the categ 
at Zovern speech th 


es, These are a ° in a 
random manner, sometimes j Presented to him, sometimes 
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jness of fit of the player's couseiyy with nega He im- 
gt by correction. In simple concrete terms the tutor says 
fe whenever 2 dog appears. The player notes the equivalence of 
| Ms atterances, forms a hypothesis about the nonlinguistic category 
Jicits this kind of utterance, and then tries naming a few dogs 
binselt. 

“il ys have been players of the Original Word Game, as children, 
x students, or as anthropological linguists. The player with the 
geatest handicap is the child. He must learn the motor skill of pro- 
jucing linguistic utterances and must also learn to categorize both 
geech and nonlinguistic reality in conformity with the habits of the 
itor, These part processes are the rudiments of the game. They 
na be picked up one at a time or all three can develop together. For 
" child this process of first-language learning is also the process of 
“oguitive socialization. The categories of the parental tutors are, in 


lage measure, the categories of the culture. 

The Motor Skill. Speech as a response is an operant rather than 
Téspondent. We cannot elicit utterances from a child but must 
wait for them to be emitted. For some reason children vocalize very 


f : 
‘quently and this vocalization moves in the direction of the speech 
may 


Patterns of the family. This drift in the direction of rs ge 
cy 


Produced by selective reinforcement coming from adults. 
ximates a recog- 


bed a vocalization to the degree that _ ose al aia 
€ speech 1950), in his efforts to train Dir 
Peech pattern. Meus he bird while speaking 


to 
talk, found that it was necessary to nurture t 
rer reasons, the speech of the 


Cit, Und : M 
e es, OW . F . 
r these circumstanc When the bird in isolation 


trainer b Z 
e€comes a secondary reinforcer. 
Produces sounds it will be rewarded by those that most resemble 


uman speech and this generalized secondary reinforcement will in- 


"ease the probability of humanlike sounds until they dominate the 


ire? a ‘ may suppose the child’s babbling 
ird’s song. In similar fashion we “a ivally,, cotitrol:-f spanchiis 


will PF P ion of speec tiga 
baby ined Cough some, Or Of ier and. Dollard 
d : behavior described by Miller and O. lar 
“pendent and copying of Miller and Dollard that imitation is a 
(1941), The contention ed by the many studies of speech ac- 
learned technique is gg 0 true imitation does not occur until the 
quisition which report It is not clear that even all of these mech- 
eighth month OF paired explain the motor control of speech. Of one 
anisms are adeq) we may be certain. The player of the game can 
thing, howeve™ and the tutor can selectively reinforce without 
practice erning of the sound. Thus a child may prac- 


worrying 


yo 
ih g00 
or the 


i 2 
ae 
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y ah = 3 
Pe ed 
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tice saying “dog” as a response to t le utterance Of this Word by 1. 
tutor rather than as a response to . ins aree of the Categor : 
may say it in response to one member of the category, 
to identify new instances. Motor control is, then, j 
iments of the game. 
or aos of Speech. Dorothea McCarthy (1946) 
view of the literature on acquisition of language by chil 
cludes that speech comprehension precedes the ability to Produce 
speech. The evidence for comprehension is usually the child’s ability 
to designate some object or objects in response to a command, Ip 
most cases it seems not to have involved the identification of new in- 
stances and, on that account, we should hesitate to credit the child 
with the concept in question. The ability to respond to a command 
such as “Show me your book” by pointing to a particular book is not 
sufficient evidence that the child knows the meanings of these terms, 
The ability does, however, have important implications. It tells us 
little about speech comprehension but much about speech categoriza- 


tion. If the child can respond appropriately to a variety of com- 
mands then he must have learned to recognize certain utterances as 


in her re. 
dren cop. 


To his amazement 
d so again when asked “Where 
ted €n unreasonable to conclude that 
ere er to a fourth question, “Wo ist die 
g cated the window. Evidently he had not 


ich was common to the all but to the interrogative 


servations suggest that chi Our questions. Many ob- 
terms of the fnickin ete : 


Aa first categorize speech in 
1sposed to att Communit insists upon 
patterns, and the i end to the h 4 ‘ 


the child was trili 
TiirP” the child a 


ad Meumann 
Id have revised his 
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re indications that considerable time is required for the 
“ egories to be apprehended in their full complexity. Joos 
“ vsimate that this learning is not complete before puberty. 
iggein (1948) reports that aphasic patients sometimes retain the 
+ tp understand the speech of the members of their immediate 


ie evolving perceptual categories of speech though it is clear that 
uch information is of great importance to the psychology of language. 
The infant can learn to categorize speech by learning to pattern his 


jonting responses to such commands as “Show me your nose; show 
ne your eyes; show me your toes,” etc. In this case the perception 


’ speech is an isolated rudiment of the game. It can be combined 
vih learning motor control in the process of copying speech. The 


fuyer attempts to approximate the speech of his tutor. His efforts 
proved or corrected and in that process he learns to recognize 
€ or nonequivalence of the sounds his tutor produces 


Even this complex process is not the 


he equivalenc 
] aspect: the 


™ sounds he produces. 
ng we word game. It leaves out the most critica 
“€g0rization of the nonlinguistic world, the formation of the con- 


9 that pattern speech. . 
to - Categorization of the Nonlinguistic World. We sie a 
‘on, *Borize the nonlinguistic world by testing hypotheses form 

ae Sensory contact with that world. Presumably there are a 
“tibutes which have a kind of prepotency for the oe ge am 
pa categorizing in terms of these solace er ce roe 


all sh: ; ; 
‘hiny coins as equivalent and pai tig some equivalent re- 
e to the dull range. 


* Teveals this concept to his tu 
Ponse to the shiny range and feria ba ees He might call one 
gr 'S response could be verbal a nore might kiss the one group 
a °up dimes and the other His gator could then correct this cate- 
nd throw the others aw@y- child would learn the proper designa- 
orization and eventually the Clearly this process would be an im- 
°n for each kind of Biers Nonlinguistic reality is categorized in 
Pts complica \y vari d on of attributes. There es os 
Ts of an enorn aoe in the fact that speech can p 
€conomy available tO “* “¢ all social reality in terms of a smaller 


@ first-level cate? rt a . 
Number of attri in a concept-attainment study uses the responses 
The e anger the concepts of that subject. An array of 
uivalent response is categorized together. Sup- 
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pose, for a moment, that a child who is Playing the game 

responses of his tutors as a guide to equivalence and differe ie: the 
linguistic reality. He could have a cue to what is edible an dwt 
inedible by noting what is eaten and what 1S not eaten, rs, 
might be distinguished from father by the fact that his uncle bi er 
the one and shakes the hand of the other. The categories “hel, 
“chair,” and “floor” could be distinguished by noting which entity 
are lain upon, sat upon, and stood upon. In each realm of exper: 
ence we have a different set of response categories Siving evidence of 
concepts. Using the nonlinguistic responses of others aS a guide ty 
the categories of reality we should have to learn a set of Tesponse 
equivalents very nearly as complex as the stimulus equivalents in the 
world. This point is difficult to see because we are so familiar with 
such response categories as sitting, standing, or kissing. The Point 
may be clearer if we imagine a community in which kin of one sort 
elicit a nod of the head in their direction while kin of another sort 
elicit a nod in the direction of the dwelling of the wife’s family. We 
could not discover these kinship categories until we learned to classify 


properly the two kinds of nod and this might take considerable learn- 
ing. 


Ninking 


overning nonlinguistic concept. The difficulty is that 
8e of the list of attributes of nor- 

He is not in the position of the 
w, and Austin who are told beforehand 


Small numb ayer is in a more favorable 
° er o ex A 
Scover all the de ~Petiences of speech 


ming attributes of any 
t 
i . anguage It is, furthermore, 


cular © a conjunctive 
8rasped, then, there mee? Once the 


*S no problem of 
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iment so far as linguistic utterances are concerned. A 
riments reported by Bruner, Goodnow, and Austin 
hat there are three values for each of four at- 


shat may help to define the category in question. The sub- 
5 not, of course, know which of the attribute values present 
sitive instance are defining of the category to be at- 
iq, To find that out is the experimental task. The player of the 
| Word Game who hears /ket/ knows that these three 


e the speech category. He 
ognize new 


hen he first 
g the first 
Incidental 


] attal 


“al n § 
ute 
doe 
1 an initial Pp 


(rigina 
jnemes, in the sequence given, defin 
bs only to remember the response in these terms to rec 
stances, The player is not, of course, in this position w 
leas speech. The point is that his experience in formin 


neech categories can bring him great secondary benefits. 


aming of the structure of speech can teach him to perceive new ut- 


tances in proper categorial fashion. The study of nonlinguistic re- 


ai cannot yield such benefits since these responses do not 
cane lap It has been suggested to me by M. Wallach that 
bind of ity for linguistic cues in the formation of concepts is itself a 
of strategy, a content selection strategy, since this partiality can 

d regulate risk. 


Maximize ; é 

a information, decrease cognitive strain, an 
€ Game is not complete when the player is able to categorize 
he stimulus attributes 


the 

ov = of his tutor. He must discover t 

i “thing the tutor’s verbal behavior. The child’s parent will not 
Ways be nearby to tell him what is “hot.” He must learn to recog- 


hz ; , 
® hot things by their stimulus attributes. 
ye and what is equivalent 


Once we have learned what is distineti 
his thought and to the culture he 


Na man’ 
ns speech we have a key to 
eDresent ve “ball” and “strike” in baseball. 
s. Consider the categories 0 / 
naa e In terms of stimulus at- 


€se are ext omplex categories. 
remely comp that we would think of grouping to- 
swing that misses, 


an there \ikelinee proper height, a 
“her a pj late at the "th 
he spc on, aes oe ee 
nguistic reepomel lanes ager teonstag an 
ater nee some degree of chagrin after any one of these or that 
when dil ef these occur he leaves the plate and returns to the 
ducal a ene uivalences | here are rather complicated. 
we as : : e xa in the right direction means four balls have oc- 
ing —<— ee same direction with one’s team means that 
curred. Wa noi accumulated to send them into the field. Con- 
enough strikes makes concept formation easier. He d 
5 umpire " PF e denotes 
ider “Strike!” or a Ball!” The shout locates the entity 
Look here and now.” The phonemic 


j f his many shouts of Strike” ; , Ming 
equivalence of his many sh ' “Strike” and thei, ‘a0 F 
from the cries of “Ball” tell us what entities 0 together ana fence 

] ] d, 
are distinct. In speech we have a smal] numbe id y, 


, "Nich 

r of highly avail, Q 
to all Concepts, We ini 
v lave 


attributes providing a first approximation 
a common currency of cognition. 

The utterance attribute will (Orient the player toward ¢ 
poraneous stimuli and will tell him when the important NOnlinguist: 
stimuli recur. Even with these aids the categorization of nonlingnis 
tic reality is a formidable problem. In the beginning there is as 
listing of attributes and no possibility of holding in mind the total 
nonlinguistic circumstances accompanying a given utterance and, 
therefore, no possibility of using a wholist Teception strategy, With 
experience certain attributes, favored in the culture, wil] be noticed 
and can serve as a basis for first hypotheses. Because of its sys- 
tematic character language can again be helpful. If, for instance, 
the parts of speech have a reliable semantic, then knowledge of the 
part of speech membership of an utterance could guide the player in 
If nouns usually name persons or places 
recognized as such from its speech con- 
text or its phonemic Structure) would Suggest which kinds of non- 


ikely to be significant. Once a first lan- 
Suage is learned it will strongly affect our attempts at translating a 
new language. If we hear a brief contin 


tem. 


anguages one or another of these few hy- 


to be ; : 
etio\toniue:in’- whic tes If the new language is a polysyn 


; category “man-grasps-food-in-ri ht-hand” 

PO ee se so — we might guess wrongly for a ee long 
would lead us ileage ee category that can elicit a word 
No brief treatment can do m 
Zuistic utteranc 
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mar of speech reduce the number of hypotheses 
ic category to a relatively probable few. 

ver, the player must test his hypotheses. The 
that the player can now produce utterances 
use the phonemic structure of the lan- 
to infer the categories of the player and can cause revision of 
“categories by correcting the player’s usage of terms. The small 
,yho generalizes incorrectly from his father’s naming behavior and 
js ay animal that goes on all fours a “dog” will be corrected until 
jams to identify new instances correctly. To play this second 
stof the Game it is necessary to be able to produce approximations 


{speech sounds. Still, a parental tutor may allow considerable 
iiude here, tolerating “bow wow” until the child has grasped the 
the label to “dog.” 


wen 
a d gram 
7 be ponlinguist 
"ay case, howeV 
, of the Game 1s 
“owes, The tutor can 


a : When the child can pete 

Ths it in his mind the father will @ 
Meries He nnay ia allow the child Sage awed aaa ‘ os 
°le process of trial and correction o8 be accomPt the child into 
of the traffic itself. The 


‘me as a surrogate for action that W 
8 ate attale likely to differ from the 


ae contact with the ultim it te 
Tatory concept-attainment tributes of the concept 

'Sual situation in that the ultimate : learns the concept so 

ato ° £ cacao” will identify cards 

nd this in the 


© experimenter’s verb e ex 
that h -ipate whether i purpose 
e can anticip@ : There is no is not usually the 


~ tal speech 
earnings I child's Jed ie aes will usually be physical or 
bh ae at ee enont to illustrate some features 


ultimate atria gra 

Social attributes 4 te developed, with the Munsell 
We have a color chips equally around the 

of the Wore ~ and brightness are constant. Eight al- 


oom the red-blue region of the series. There 
: gap between each adjacent pair of 
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the series. The subject is show: is sel , °s of chips and told th 
the experimenter has ‘ies Gere 3 g | nem It will be the ie 
ject’s job to discover this classi fication he €xperimentey Moves the 
series behind a screen and then exposes them One at a time lin 
random order) naming each chip with a nonsense syllable. The sy} 


ject simply watches this process until all eight hay 
He is then asked to group the chips as the experimen 
them with his verbal behavior. 

As Figure 15 shows there are four groups of two chips each, The 
groups are named [ma], [ma:], [mo], [mo:]. The difference between 
[a] and [o] is phonemic in English but the difference between the 


O O O om 
A. English-speaking subjects. 


O O 
B. Navaho-speaking subjects. 
ma ma ma: 


028 O O O O O O 


nguage is English, after 

Ors into two groups of four 

line of Phonemic change oe one OF division Corresponds to the 

: a line of division where 

Our repetiti u = 

EeUp Classification, Pee ean? apbiects Per 
anguz : 

feet length is always a distinctive fea- 

Fiftcen monoli § and short form and these are different 

mgual Navahos 8iven the same problems 
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attainment by A. Horowitz generally divided the colors 
or ato four classes of two colors each as in Figure 15 and per- 
et shis division through four repetitions. 

know that English subjects are able to distinguish the pro- 
E from the short vowel, probably as easily as the Navaho. 
d their two-group classifications as erroneous they 
ered vowel length and the proper grouping of 
ked that they had noticed some variations 
We could have no 


4 
gfe 


aged vowel 
von we Tejecte 
yetually diSCOV 
‘dos, Many then remar 
‘athe naming but assumed they were accidental. 
“\uter statement of the cognitive status of nonphonemic variations. 
they are not purposeful and significant as are phonemic changes. 
The Navaho subjects did not assume that the variations in vowel 
eagth were accidental. Once the English subjects learned that this 
jimension was significant they made no errors in identification. 
me groupings produced by both English and Navaho subjects 
vere isomorphic with the groupings they heard in the tutor’s speech. 


‘ai: different sets of criterial attributes (phonemes ) for speech 

“ty came up with rather different groupings. When the English- 

Peaking subjects were corrected they re-examined the tutor’s speech 

vs discovered the attribute to which he gave significance. 

Fifteen new English-speaking subjects were shown a different 
orth set. In this series there 


“ties of eight colors from the Farnsw 
four classes named as before, [mal, [ma:], ~ Sy eee 
eh, _ma:] classes an : 

he perceptual gap between the [ma-ma:] © Poa eS 


Classes between 
was : as the gap Pe 
four times as great apie in Figure 15. When one 


is situation is schematized by dista 
Soked at th ‘os the two end classes were immediately seen as 
° There is 4 disproportionate 


istinct from the four middle colors. : 

change at the vowellength Bounce: The problem was to de 
tochthonous sensory categories wou 

gs d cause the subject to 


termine wh 
ether or not these oi 
Call attention to the change in vowel length 
Make four groups of ‘or Rage three groups are presented as the 
In Table 9 the res¥ ecnover the categorizing of the colors 
d the subjects who 


number of trials requi nly four trials an 
into four classes- Brwe were on) ials have been tabulated 


ping after four trl 

had not discovered they could conceivably have obtained. 
under trial 5, the low who appear first in the table, generally grouped 
The Navaho s F ‘on the first trial. The English-speaking 
the colors into fO¥" 4. eight equally spaced colors shown to the 

subjects wt 5 a0 did not arrange the colors into four groups. The 

. ger ubjects who saw eight Farnsworth colors with a 
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2 


Nkin 

te on, « change in VOWe 
oe elon uid ly VO subjects divides 
show Teg fc : «hae on the fi lowever, there Were four 
colors into = a acne d= tele] .vidently the SPs in the 
others who 1 help to‘call attention to the difference of vowel 
series of eight co ee trong visual encouragement, however, there 
length. ee wejer ud believe that a difference of vowel 
were six subj 


h Id make two words different and so signal a categoria] 
length cou é senda 
Sec in the nonlinguistic world. 


TABLE 9 


i by Trial 
jects in Each of Three Groups, y , 
a iohaoheg's Test Colors into Four Categories 


Trial 
oor 
1 2 3 4 More N 
Group 

0 a 
Navaho subjects 2. ae 
Bnglish-ape: ing subjects, separated colors a ; a ae 
English-speaking subjects, equally spaced colors 


We used the median test to determine whether the ow eo 
speaking group should be considered to have the same a ia oh 
Navaho group and also whether the two English-spea ing = a 
were likely to have the same median. Using the aaa fs 
independence (with Yates’ correction) we found that there 


a guide to 
€ isomorphic relationship can be 
useful in either direction. i 


Y Suppose that speech has 
is therefore 

Customary to describe speech as 

the region mapped. It is clear, h 

into a four-lane superhighway 


we may for the first time notice the 
difference between a thin and thick al es. 


Owever, that 


| 
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a 
stone 


these experiments is a very simple model of 


ge 
e is at least one important difference from the 


lade] - 


1 Came: 
Vi ‘0 Gam d 
“ac it is Playe 


it 


"gat entities are being named by the experimenter and it is also 
» js the only significant dimension for classifying these 
w When the child hears “things” named he usually will not 
.yyst where the “thing” is and which of its attributes are defining. 
va use the name as an aid in forming hypotheses but these 
viheses will often require considerable refinement. Jespersen 
99) tells of a little girl shown a picture of a priest and given the 
rd ‘priest.” She then called her aunt a “priest” because that lady 
ea collar like that of the man in the picture. A single denotation 
snot enough to form the category. It is this hypothesis-testing 
ag that is absent in our paradigm. 

Speech as an Expression. A child may be trained to differentiate 
ufc conditions by means short of an ultimate and dangerous 


cieion, At first he can use the parental description “safe” or “not 
le aspects of the street 


le Eventually he may rely on the visib 
- Should he mistakenly classify some hazardous situation as 
- the action he bases on that categorization will acquaint him 
s the ultimate attributes of an unsafe situation. Sometimes the 
“tion one takes as a result of categorizing situation leads to ied 
onsequences which are not what we had anticipated. oie ae a 
wile of the boy who cried “Wolf.” is alarm ordinarlly Si6h 

rs acted on that assumption. 


th 
© presence of a wolf and the beset 4 little boy. With several 
ape the situation as one 


‘y found no wolf but only 4m 
i. of -this experienes ya recat sone ch of entertainment. 
: Which a shepherd boy was bored and ppy consequences 
en they acted on this judgment — ee F comataly that 

habitually anticipations will eventually be 


. that hu 


for the b hi 
oy. A man who 
others are caused to form. 2a do not res to speech as a 
we , 
Classif, car, Jae gee expression of the speaker. 
od aaa put rather 9 ee sive objects and events; it 
lead liar, joker, coward, 


‘himself—as 


Presentation of bie 


is conversation anna 
ca Ne Saas 
: uses us to Me re : a a means to present a 
T gossip. yf course, tf ine I am.” To tak 
ee. he s8y® “What a swine . oO e 
oe ad to his speech as an expression. He 


Self-categoriZ og pot * swine. If, however, we interpret his 
we _ of a pathetic need for reassurance then we 
The behavioral difference is that 
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ladaa tha > bac . eer E a 
the speaker will acknowledge © has described himeaar_ 

. L. » glass hoawine o L, 7 > er : — as 
swine but he will probably deny having asked fox anybody's ra. 
ance. ee eh 

Parsons, Bales, and Shils (1953) are probably correct in ia 
that all gesture is in some degree taken to be expressive of the ... > 


We quite regularly react in this way to the nonphonemi 
aspects of speech. The voice may “tremble” with fear or grow « 
with anger. A woman irritated and made suspicious by her hushan. 
late arrival may ask, with insinuating intonation, "Working late 
He may then react to the intonation rather than the morphemes and 
snap back, “That’s right—working late!” She now has an option. 
If she likes she may be terribly hurt and say, “You needn’t shout ai 
me. I just asked if you had to work late.” She is not responsible 
for what her speech expresses and can deny everything but the 
presentation. Alternatively she may continue the intonational con- 
versation and with mock sympathy say, “You must find it very 
unpleasant doing so much night work.” This can go on for any 
length of time with a set of more or less epiphenomenal morphemes. 

It is certain that some individuals, at least, habitually respond to 
speech as an expression. The psychiatrist is one such. His patient's 
story about plots and threats does not move the doctor to phone the 
police. It causes him to diagnose the patient as paranoid. This 
er predicts important ultimate attributes 
es he presents do not. Perhaps the most 
basic change in the thinking of Sigmund Freud was his realization 


ther than expr e€ssion Th 5 : 
e stronger Ww 

gs 4 1 
suggests ari — er res stance of the speaker to the inter pretati 


fl 


te gorie S 
gnd Ca 's) 
pe ais mode of react 297 
gots oF HOE oe n to speech— 
i tisha P perhaps because it 
ut 1t would be interesti 
esting to learn some- 


# ofessional mode 
"about the matter. 

“te Linguistic Environment. We have defined th | 
pane 8 one which is selective in the nonlinguisti e semantic 
whit s a esponse. This is not the only kind of 4 i hm f9 
wivity that utterances manifest. They ia e us-response 
eptd to linguistic context. The contexts of an ween a with 
reated aS functional attributes of the utterance. It ee ave been 
Mf ae th also a me in the acquisition “ linguistic os 
Bagstenty OAD, words are introduced to us wi ae: 
aence. They are said to be verbally ‘caaalial ‘cad be 


reni ; ; 

nics do we see in our first course in abnormal psychology? About 
And yet we are supposed to 
hrenic” from reading and 
How can 


s many schizo . ‘ 
‘i : phrenics as unicorns. 
ten ie meaning of the term “schizop 

ning 
g to many sentences in which the word occurs. 


this be? 
Werner and Kaplan (1950) hav 


we know of this kind of language 


Wor 
"ord Context Test in which artificial wor 
one context to another is expected 


ik 
| oe The subject going from 
a ve finally at the meaning of the word. There were 12 series of 
| ‘sentences each. Each sentence was presented on a separate card. 

had only one meaning 


Roa. 

was made clear to the child that each word 

sentences. After each sentence he was 
Here are the 


th 

ee its series of six : 
ed to tell what he thought the word might mean. 

'st word and its six contexts. 


perimental study 
n. They used a 
bedded in sen- 


e done the only ex 
learning in childre 
ds are em 


I Corplum: 
LA corplum may be used for suppor open space. 
2. Corplums may be used to close ae Pethin, stron 
3. A corplum may pe long Oo § fs 
4. A wet corplum does not ie 1 with sandpaper 
5. You can make @ co De saya tO mix his paints. 
6. The paints used e their test to 125 children, 25 in each of 5 
Werner and Kap!a> g 13 years: Three judges derived 60 criteria 
age groups petwee? from a preliminary examination of 
(both inguistie ane sloyed os criteria in the final analysis. They 
the protocols 2 erprovement in performance with increasing age. 
found a grads ensions (word syncresis, rigidity, holophrasis, etc. ) 
Many of Sf eno problems of genetic psychology. Our 
are of gen ae js not with the interesting conclusions of Werner 


present cone 


—_ |» 


g or weak. 


si A Study of 7, 


ey ink; 

and Kaplan, but with the merits of their method as g atadipn ¢ 

the acquisition of linguistic me: ungs without nOnlinguistic refer Or 
The problem of the Word Context Test is not Strict] i 


i attainment but is rather c Ae. Problem of 
concept formation or attainment but ther concerned with he: 


identification. Each nonsense word has an equivalent already fami; 
to the subject; “stick” is the solution to the example we ah oe 
Other nonsense words substitute for such familiar terms ve “ule 
“hope,” “hole,” etc. A word can usually be recognized by its 
phonemes. In the Word Context Test this class of attributes jg meant 
to play no part. A nonsense sequence “stands in” for the Sequence 
to be identified. The children of the Werner-Kaplan study did not 
always understand this condition. One child translated “lidber” as 
“leave.” Another translated “hudroy” as “hurry.” These children 
attempted to utilize the phonemic attributes which are of such great 
importance in the Original Word Game. 

The familiar equivalents of the nonsense words can be discovered 
from the surrounding contexts in which the words appear. In effect, 
subjects are given a series of contextual attributes of the word to be 


ever, is a rather unlikely choice for the second sentence “__ may be 


rather high probability for all six 
t burn.” “You can make a stick 


: eplanie “solution” to each series is the 
robability across th i The authors 
of th F € series. e au 
© Word: Context Test say that “as a child moves from one 
ues Increase in definiteness.” In our terms 


Id that is yellow and then — 


ae oe 


b 
d 
; 
6 
f 
a 


“it es es ek j 
g in the wor 1s ~~ ellow. The subject NP 
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fom this population as he is given additional 


git 
te concepts 
an extreme of the simultaneous-scanning strategy 

> 


aid 


tes This is 
pore unlikely than that strategy ordinarily is. In the experi 
is book simultaneous scanning involves cecil ll 
a 


iS of tl 
oncepts t 
4, manifests all 


hat might be exemplified in a single positive inst 
the defining attributes. In the present oe 7 
,tiibute is given. It might be combined with an ee on y 
jer attributes to produce the concept the eee in ao 
ink of all these is impossible. It is likewise impossible to thi k 
all the words that might fill the context “A may be used fo 
ws The simultaneous-scanning strategy would a always be 
meget recognition of a familiar 
vegies i y criterial attributes are consistent with only 
‘ha BA or even perhaps consistent with only a single 
ae is only one animal that has a trunk and only a 


a words 2 “ i 
that appear in the context _ were some people at the 
ituation concerned 


doc r,” Pe - . 

n a ae that if this attribute-by-attribute s 

4 acquisition of arbitrary concepts rather than the recognition of 
of all the concepts 


amiliar ¢ : 
concepts it would never be possible to think 
conjunction of attributes 


tha : ’ 
hone exhibit a single attribute oF any 
e the number of such concepts would be infinitely large. 
familiar category that the experi- 
theses. Where 


Be 
ree the subject is to guess a 
er has in mind he can form some shrewd hypo 
istent with a given attribute is very 
a few of the more 


th 
. number of categories cons 
8 it is likely that a subject will think of only 

d lemon for “yellow”; cane and 


i s butter 2m 
pillar for “A ___ may be ‘ 

that the subject guesses “banana” when 

be incorrect and so the 


In our analo suppos? 
‘old the obj * Plow. This would 
pine it Yad a second attribute: “It weighs two pounds. 
One nail aoe “y and weighing two pounds” and 
ubject might ee ane The subject we have imagined acts 
of all preceding attributes. We may 


on the basis of the co™ ehis 35 true ip the Word Context Test. Alter- 
might be used in which 


Wonder to what wee scannin 
gZ strategy 
natively, @ kind es pased on the immediate context attribute. 
ould only of the individual sentences, especially those 
a. ‘so High — A may i“ be necessary to recall 
z as several people to try to guess 
oe sentences alone. On several they were , 
+» sentence “Jimmy lidbered stamps fr wpb 
Sea ected.” ps from all coun- 


btobable cases. Perhap 
used for support. 
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wo extreme Strategie that cc ul 4 DE use 
There seem to be two ext ao as jate context. ol i 
: smplv react to the MICUIAte COMEEEE, chonss a 
j y “Se 2111S th 
subject might simply 1 When he finds a highly criteria 8 the 
2NCa YV¥LICII Lic cl set 4 ite ia Cor .. 
likeliest word for this case. : oe: 


f a | oe. 
for collect ea I 


: - 
such as the one just nee at a en Lo a. strong 
suspicion that this is the answer og SOR By ris oe See if it 
“fits” the earlier sentences. On the ve = - pt &: “e each 
with the highest average probability in al — oles t should 
be possible to determine the degree to which previous attributes are 
kept in mind by comparing the guess offered when a sentence follows 
several other sentences with the guesses offered for this sentence in 
isolation. Some of the children’s guesses were clearly based on 
single context attributes. Thus one child provided two different 
answers for two sentences in the same series. “Before the house is 
finished the walls must have paint.” “You can’t feel or touch air” 
The correct word in both cases is “holes.” It has a lower probability 
than “paint” in the first context and a lower probability than “air” in 
the second context. However, “paint” will almost never occur in 
the second sentence and “air” will almost never occur in the first. 
If the first context were kept in mind “air” ought not te be offered 
for the second. In our inquiries with adults, however, we found 
evidence that the earlier sentences were kept in mind. When, for 
example, the sentence, “The painter used a corplum to mix his paints” 
was offered alone, a common suggestion was “palette.” This never 
occurred when the sentence occurred in its proper serial position. 


We would suppose that “palette” is ruled out by such earlier sentences 
as “A corplum may be used for support.” 


Most of the guesses of the children i 


study likewise appear to be founded on 
the entire series. It js Our j 


ord subjects fee] confident that this word is a 
ill not easily relinquish it, 
y the older 


the test. The 
the English lan 
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} 7 eZ i 
ly made grammatical errors because 


» Children frequently 
A ™ tha f “ec 
jearned that in the frame “A may be used for sup- 


e not 

oe is almost inevitably inserted. Furthermore, the child’s 
ative criteriality for a sentence attribute can be quite different 
"pe potential criteriality based on adult usage. If one used 
enough children to construct Shannon’s approximations to Eng- 
me would get something quite different from the approximation 
jaded. One child used the word “cars” to replace the nonsense 
rd in the sentence, “The way is clear if there are no ashders.” This 
ast be that very child we have postulated who is learning when it 
jsfe to cross the street. In his experience “cars” was so predictable 
athis context that he persisted in using it in other sentences where 
wshould say that it did not fit at all well. 

The Werner-Kaplan test asks subjects to identify a familiar word 
rih its phonemes changed and its contexts intact. This might con- 
wvably be done without having the nonlinguistic categories named 
y any words. A knowledge of English word sequences could gen- 
tate a solution quite independently of semantics. This is tis . 
method for studying the acquisition of the nonlinguistic concep 


tamed by words 
: ; times have problems 
ch second-language learning, however, we ea reading German, I 


. te sie Wen aaa the able or unwilling to use a 
ch this word with an 


fi 


word, and amn“us 


“me upon an unfamiliar 

as A to mat “ be , 

tictionary, the process by which a of deciphering corplum. Sup 
he proce cours is one that I can 


Zaglish equivalent is i 
t is like t 
quivalen the German word a a gap corresponding 


Pose the context in which bce 
Tanslate. I then have an BPG ion to g 
0 the new word and am in a Panel con 
°f the unfamiliar word from ; the attribu 


exts 
Word recurs in different et ases- Successful : 
incre of combinationa 


hood of identifying 7 jmilarity 
7. of ca oguages: cht be improved as a model for the learn- 
Tst and secon se mi iad of co-ordinate nonlinguistic cate- 
The Word Co? gs (in the : totally unfamiliar. If it were a word 


] probabilities in the 


ing of word wr: <i l a concept we had not formed, there 
Zories) if the d, srancne jts phonemes. The psychiatric term 
we had neve Feed these conditions for most of us. Fur- 
would be ®°» once se ntroduced verbally rather than denotatively. 
“schizop it 58 y names some of the attributes of the schizo- 
thermore p might be attributes of physical appearance. If he 
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i; yiietie eonc nts we h: 

rords whose nonlinguistic « pts we have formed_« 
can use WOrds - : > > be able to identify insta , 
trembling unshaven’—we may bs able to | ; = neces of . 

htal nad one pointed ou 2 . 
category without ever having had o1 peated the physiog 
oe ae are not denotatively familiar—“hypokinesis, waxy flexibilin» 
a 


—we may be unable to identify instances in ie ne are reduced 
to something familiar. The professor aay Escribe attributes of 
schizophrenic speech rather than schizophrenic appearance, If these 
attributes are familiar—“exceptionally slow, slurred ; Pronunciation, 
small dynamic range’—we will be able to use them to identify schizo. 
phrenics. If the attributes are rather esoteric— neologistic, autistic Be 
they will be of little use for identification until they are explicated, 

In this example the concept is acquired from linguistic experience 
but the test of comprehension is still the denotative identification of 
new instances. The Werner-Kaplan test stays within the realm of ver- 
bal behavior. When a new word is used it is not possible to use their 
test of comprehension. What kind of verbal evidence can a subject 
give that convinces others he has attained a concept? : 

When someone has had nothing but direct sensory experience of 
concept instances there are verbal tests that can be applied. Suppose 
a child claims to have seen kangaroos at the zoo. His elders can ques- 
tion him about the physical traits of this animal to satisfy themselves 
that he has indeed seen a kangaroo. If he can separate the defining 
attributes from the noisy they will believe that he has learned the 


kangaroo concept. If, however, the child in question has heard 
kangaroos talked about j 


means, whether or 


eld linguistic meaning close to a single 
minatory naming of referent entities. Of 
not exhaust the subject. Language func- 
game, such as bridge or chess. If someone 


303 


_ nd categories 


| gilts 

he j vel yet The grammarian, phonologist, logician, and psy- 
le, Ay watch the rest of us play to discover the norms of our game. 
he a shose of us who play know more rules than anyone has yet 
al ied and we judge the speech of another to be meaningful when 
y a within the rules. The laws of denotational semantics, govern- 
E ie naming operation, are only one kind of rule in this complex 
Se Pig 


Q,  qiack AND CULTURE 


0- 

Ry is popularly believed that reality is present in much the same form 
" men of sound mind. There are objects like a house or a cat and 

se _tulities like red or wet and events like eating or singing and relation- 


upposed to be itemized 
se, in the sounds they 
The esthetic predilec- 

vowels, while the 


ons who claim to find in each lan- 
it for the expression of 
loss to understand how 
hip of mutual translata- 
To be sure, We can see that one 
than another. If the Ger- 
obile and we had not yet 
uld have one entry more 
named it for ourselves. 
They do not disturb 


= are, of course, poetic pers 
Me some special genius that peculiarly ats 
‘ in ideas. But the majority of us are at @ 
Scan be, since there is appate? 
“4 among the languages We learn 
m guage might contain 4 few items more 
aNS were to invent a new kind of eas 
Ought of such a machine, their pectin? a 
an ours w ntil we heard 0) e discovery at 
ut these i |ities are in the Jexical fringe. 
inequalities . ventory: 
© great core of common inver, seriously disturbed by the study 
Tite glottocentric: O8F 24, ghe Indo-Europe’™ group. It has not 
languages that He Tie there is 4 language in which noun and 
Prepared us for fndirs dy do not exist, or that there is another in 
app ne n are called by the same name. Such 
“4 ican Indian tongues have caused Whorf 
; (1938), Hoijer (1954), and others to reject 
Z — between git and thought. 
sh la ge embodies and pe etuates a ~ 
ne speakers of a language oe partners th a 
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agreement to see and ana se es ; chs Certain Way—not the 
possible way. The wo! abs mn be ; : os in man Ways auto 
language we learn as children dire 7S the formation of our Partious 
structure. Language is not a cloak = ollowing the Contours of — 
Languages are molds into which infant minds are poured. Th Snt, 


ee ; f is View 
departs from the common-sense notion in a. holding that the world ig 
differently experienced and conceived in different linguistic Communj. 
ties, and b. suggesting that language is causally related to these Psy. 
chological differences. 

In this extreme form the hypothesis seems to predict Perfect or. 
respondence of cultural and linguistic areas, It is embarrassed by the 
fact that the Finns who possess a European culture speak a language 
unrelated to the languages of most other European peoples. It jg 
embarrassed by the fact that the Hopi and the Hopi-Tewan who share 
a general Puebloan culture (Hoijer, 1954) speak very divergent lan- 
guages. Perhaps, however, these examples and others like them are 
not so damaging to the linguistic-relativity thesis as they first ap- 
pear. It may be that the Finnish culture only very superficially 
resembles general European culture. A closer study of these people 
might show that their Cognitive psychology is as unlike that of other 
European peoples as their language is unlike the Indo-European 
family. It is also possible that the assignment of Finnish speech to 
the Finno-Ugric rather than the Indo-European family is based on 
linguistic features that have little psychological importance. The 
Finnish language may resemble Indo-European languages in all major 


Psychological aspects. Comparable questions can be raised with 
regard to every case in which linguistic and cultural boundaries do 
not coincide, 


i inet hoe an ia paste © is, “all those historically created designs 
which = 2 ~r-eneh implicit. rational, irrational and non-rational, 
(Kluckhohn and =a ial guides for the behavior of men 

oor aay » 1845, p, T8o~ Cultnze will include such 
Kinship, religion, etiquette, technology, fashions 
a rather triyja] footer question Menten ae 


A n th 7 7/ 
Important each is to total] © semantic aspects of language to see how 


major designs for living. te vi aig se ane : - piber 
e formal ca egories 
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i, jong r —_ semantics. Iz diff : 
Se ai abstraction eau ma ne F anguages di er, for instance, 
" M ne phonemes they use and in the relative frequency with which the 
in, a honemes are used. Jespersen (1922) and Roback (1954) have 
Miphe J qucested that the “phonetic preferences” of a language may be re- 
Miy } ling of national character. According to one view vowels represent 
tld; } je feminine principle in speech and consonants the masculine. This 
Min. } faves English and German more masculine in character than Italian 
Py. | «Hawaiian. No thesis is too exotic to test but this one is too exotic 
tytake seriously without satisfactory test. What are the other formal 
“1 fatures of language that might relate to total culture but probably do 
the ¥ rot? 


languages differ in the number of phonemes they employ. The 
ange is from about 12 to 67 phonemes. Languages differ also in the 
complexity of their phonemes, in the number of allophones included 
within a phoneme. The complexity and number of phonemes are 
variables that we would expect, for theoretical reasons put forth earlier 
in this chapter, to be related to the ease of language acquisition. 
Where languages have identical phonemic repertoires they differ in 
he sequences used to name particular concepts. These names differ 
; tepresentational value from one language to another and these 

“erences should affect the ease with which the various names are 


“med. In general, then, linguistic differences on the level of pho- 
ology have implications for first-language learning but they have no 


Clear grnnte 
eg Implications for other cultural sare 
ery diff , he same things. 

erent sounds to say much t for any linguistic 


€ shall use Morris’ (1946) term “formator” 
Vice that expresses a relation between aise ae a ‘ ai 
Points out that relations of stems or words within the sentenc bf 


Among the many 
val ‘iary words, or affixes. . 
n by word order, auxiliary essed in English are possession, tense, 


telatj . 
ad (ee Possession is often tes with a 
ound mor pee house”), tense with oe iaries ag will 
eturn” ) ea subject-object relation with ee eae Dog os 
mene) f seems likely that most es, Fat 9 use" of a 
three deviaas They differ, res t Saar ee articular 
devices. It is quite possible aa Aad 4 l iffer in the formators 
the a ni eels express the same re ational concepts. 
as e:“paeeee speech” js a functional category. Words are grouped 
togeth Fone they-have one same functional relations with other 
gether uage. The instances of the category do not neces- 


for in the lang : , 
ms in honemic common denominator. In English, nouns 
> 


sarily have any P ; 
a ae 4 functional category. There is some question whether these 


Languages might use 
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functional categories have any share " value. Fries (1959) 

has convincingly demonstrated that the schoolteacher’s semantic defin;. 
+o) da not cove , 2 ale 

tions of the parts of speech really do not cover all instances. How. 


ever, the average speaker of English thinks of the Parts of speech as 
representing the fundamental categories of reality. They are thought 
to stand for such abstract ideas as things, events, and qualities, ]t 
would be possible for languages to differ in the particular grammatical] 
rules or contextual attributes defining their form classes and still to 
code the same higher order concepts into parts of speech. 

Differences of phonology, of formators, and form classes are al] used 
in comparative philology (together with historical, geographic, and 
other considerations ) to decide on the degree of relationship between 
languages. Indeed it is on the basis of their methods of expressing 
relations that languages are classified into isolating, agglutinative, 
flexional, analytic, synthetic, and polysynthetic types and this classifi- : 
cation has been a major factor in working out the language families, — 
Yet all of these formal aspects—phonology, formators, and form classes 
—can be as irrelevant to the total culture as are differences in colored 
inks on two maps to the region represented. _It is not surprising, there- 


fore, that linguistic areas are not perfectly coincident with cultural 
areas. 


When the semantics of speech is studied in conjunction with the 


formal characteristics we are likely to learn more about the total cul- 
ture. Utterances can be analyzed as discriminating responses reveal- 
ing the categories of the culture. Languages can be compared in 
terms of the nonlinguistic categories they reveal. 

At the turn of the century Cambridge University sent a famous 


anthropological expedition to the Torres Straits. O 
expedition, W. H. R. Rivers (190 Cie Saeciticesneaite lai 


chological tests with the native po 
used the Holmgren color yarns an 
colors that belonged together, 
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ty and jonlinguistic class responses. What more do we do with 
ti ° 

TE # green, and blue: eo ee 

‘ F soca vears Sapir (1949), Whorf (1950), and Lee (1938) have 

al ‘with examples of the following kind of linguistic differ- 


ded Us 
vided ¢ : 2s att 
vg, A range of experience is differentiated in the lexicon of one 
é y * GO 


inguage and undifferentiated in another. The color terminology of 
ie Toes Straits natives fits this pattern as do many Pacific island 
inguages that fail to distinguish blue and green, the Navaho word 
fat stands for both gray and brown, etc. The Wintu have names for 
many varieties of cow; the Laplander distinguishes many snows; in the 
Buzilian jungles lexicons are proliferated for palm trees and parrots. 
Wehave more names for varieties of automobile than do most people. 
Murdock (1949) has described kinship terminology in 250 societies 
with respect to the biologically distinct varieties of “aunt;” mother's 
nig father's sister, mother’s brother’s wife, and father’s brother's 
a si found great variation, one lexicon having a distinct name 
. i a ou them together in various ways. Most of the 
—_ me exical differentiation are of central importance to the 
Ist { e Wintu makes his living raising cattle. For the cae 
Retisy 0 has a thousand household uses. I do not know w “s 
natives do with palm trees and parrots, but it is bound to be 
“MPortant to them. It would be absurd to deny that the lexical dif- 


“entiation of these items corresponds to a cognitive differentiation. 
' temains, however, to wonder about the status of such distinctions 


Ss xs 


* people whos h 
e lexicon does not code them. 

‘AN extreme position would hold that the speakers of the Leo 
With the relatively undifferentiated lexicon ar© unable to form the a 
‘epts named in the more differentiated language. This Lt 
‘enable, Too many travellers (among them the a s Ww. 3 
Sctibeq the languages) have learned to see the Laplanders it a : 

e Winty’ 6 ee many of us reading the reports of such travel- 
eee 4 from a description—all in English. 
ets have grasped these concepts 


. ‘ tween the four kinds of aunt, although 
pic us realize the differs’ ea Cultures differ in the availability 


c tie pay, See <j = low availability to the English 

: 2 ee eer mentioned is manifest in low codability. 

ae er of thos ed with a phrase but not a word. We must speak 
oe can be ae cows,” “damp soft snow,” and “father’s brother’s 

ee ye pes 2 ieldy quality to our coding of the other man’s 
ife. 

er K. Zipf (1935) has shown that there exists, in Peiping Chi- 


unwi 


* Aer A 


SOOO AB ccs 


As f ome, 
A tudy of lhinkin, 
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f NIGAM a 2 tender. 
Nautine Latin, and Am , Lene, 
nese, Plauti he corre latex > AACAUEN Cy of ne.” 
for tl length of a word to be corre) a, * oe 
or 1© J Ms aes Me 6 f hngl j VOrQasS 2a DDYeviatin- 
ah are many familiar examples ‘ 4 , une 2 
[here are Y { ‘ ‘I he “a fTomovie 1iaS pecome the “car” 
; ‘Ace i CQUENCY, 4 - Car, 
they increase in [req "aq playing records” are “L.P’«’ Poll. 
“ pa lie a pong-playing } ~~ oy Aho S,  FOIa 
“Television” is now “TY, ONS” prey tis JLOW 


he tailure of such English 


Este hat the 
ing Doob (1952) we have suggested that th 
; ”? “4 ‘ {4 
yhrases as “white spotted cow” and damp so 

Le ae oA, | ; . : : 
; that they are less often used than the corresponding 
a word means that they are 5s nia : 
words among the Wintu and Laplanders. We go further and ain 


oose that these concepts are not only less frequently expressed but less 
‘aa They are not habitual 


ote ~ . . 
SNOW to aD breviate to 


frequently utilized in perception and thought. oY es 
cognitive modes; they are less available to the English speaker and 
this is manifest in the fact that the concepts are not coded into 
single words, 

Brown and Lenneberg (1954) have demonstrated a relationship be- 
tween the availability of a concept and its codability. Their approach to 
this originally cross-cultural problem is peculiar in that they work within 
the English-speaking community. It is argued that the essential thing 
to be understood is the fact that experiences are more codable in one 
language than another. What is the cognitive significance of a dif- 
ference of codability? Since there are differences of codability within 
a single language the authors hold that this question may be answered 
Without recourse to cross-cultural data. Some colors can be named in 
English with a single word while others require a phrase. If one in- 
apne Be ok availability of these differentially codable 
results might 8 subjects it seems reasonable to Suppose that the 

generalized to the cross-cultural case. They have 


of experience within one 


ingle Munsell col . : 
were asked to name €ach color as avichy a possible folie ae et 


naming response in words; 


Were. drawn ‘fron, these’-date:< For each 


Se 
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Loe 


a ae ew FL ee 


Kon 
or These measures were all related to one another in the antici- 
pects» ‘ 

i manner. 
vty within the comm 
“ inthe individual. It is as though competing social tendencies are 
onpeting habits in the individuals; a nice example of interiorized social 
ams, The matrix of intercorrelations yielded a general factor which 
ws called codability. The single index with the highest factor load- 
agwas item 4, the degree of agreement among subjects in the naming 
rsponse, and this was used as the measure of codability in the second 
part of the experiment. 

New subjects were given a recognition task which served as a first 
‘peration for getting at category availability. In the basic procedure 
bef the 24 colors, whose codability had been determined, were briefly 
Bee coon exposed. After their removal subjects were asked 
a ’ ’ e 4 colors on a chart of 120 Munsell oe The ee 
fcations < iy was computed from the number of correct 3 

- Codability was significantly related to availability as meas 


i 


ited by the recognition score. 
oc basic procedure was modified so as to create conditions in 
- hich it should be easier to keep the colors in mind and also conditions 
” Which it should be more difficult. For example, in one condition 
"el 4 single color was exposed and the recognition immediately wae 
Wed its removal, while in another case there were four ite 
“1 a three-minute interval before recognition, during a hice ni 
* Paes occupied with unrelated tasks. As a nertage iach 
*Mplicated the correlation with cod n 


0 the authors that a single 


ut that a £ col retaine 
“ er of colors 
Stored” a The ability to recover the color from the name 


‘vocality of its coding. 
Would then depend on the sone ee oe 
they employ but also in the concepts they 


and Lenneberg suggests that the 


‘ f Brown 
Code. ' The expert iia may be described in terms of the avail- 
Cognitive difference that availability may be revealed in codability. 


i d 
ability of concepts el formator, Whorf, Lee, and Hoijer have shown 


On the level of 


d over a pe 
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than tenses. They do not indicate Lay % | s me —— but rather the 

lieving in it. One could report that “Harry is choppin 
grounds for aie ae 's. If we only know of ¢ 8 
wood” in several quite different way . age 2. ” 0 the event 
by hearsay we use the verb form emp °) ed in pont. gossip and in 
describing one’s own past drunken be 1avior. we see the action 
another form is used. If we hear the action or see the chips fly there 
is another form. If we know that Harry is chopping wood because he 
does so every day at this time we conjugate the verb for a lawful regu- 
lar occurrence. Whorf describes somewhat different validity modes 
for the Hopi verb. These reports suggest that quite different funda- 
mental dimensions may characterize the thought of people in different 
cultures. 

Among form classes there is one very familiar cultural difference, 
Gender is a functional category. Thus a class of French nouns is 
defined by the frame “Le __ est bon” and another class by “La __ est 
bonne.” No one knows what the original semantic significance of 
gender may have been. Entwistle (1953) guesses that in Indo-Euro- 
pean it originated as a distinction between animate and inanimate 
objects. It is not, of course, consistently sexual. The various western 
European languages do not group their morphemes into the same gen- 
der categories but it is doubtful that this difference has any cognitive 
significance since gender is an automatic appurtenance to speech. 

Likelier to have cognitive implications is the observation of Whorf 
that the two Hopi parts of speech nearest our verb-noun categories 


divide neatly into words naming short-term events and words naming 
long-term events. Thus “spark” and “s 


etc. Actually there are 

ae eS rah Still, when functional classes _ 
ntic ]j it ; 

language observe these lines in, cary UC that the speakers of the 


lines in categorizing thei i 

eir world. with 

4 semantically heterogeneous form class like } ae 
a feeling that Most inst 


“truth” and “beauty” 


ority attribute. 


nh 
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~ + wintu, and | matched by great linguistic 
vigvall0 / © 

ae when the study of language 1 icludes semantics. Within 
* ons of the European comn inity there are not such great cul- 
dl a0 linguistic gaps as great. Matched lexical 
vas from the various European tongues are conventionally treated 
«semantic equivalents While the Frenchman says mére, the Ger- 
wa mutter, and the Italian madre, we know they all mean “mother.” 
sh words are presented in elementary language courses as per- 
ft synonyms but this they usually are not. The French word 
mie, for instance, is not quite the same as English “lady friend” or 
Geman Freundin. All three forms would be used to designate cer- 
hin relationships but their categories do not exactly coincide. The 
word amie is more likely to designate a sweetheart than either of the 
Cemanic expressions and yet it has a wider semantic range than 
English “sweetheart.” Even the words mére and “mother” are not 
identical. “Mother” is replaced by “mom” or “ma” in certain circum- 
stances and in certain social strata. It is unlikely that this pr ecise pat- 
‘em is duplicated in other languages. Slight differences in nonlinguis- 
lic reference are accompanied by differences in contextual probabili- 
tes, There will be French utterances containing amie for which 
ady friend” is an unlikely English substitute. 1 

It is probable that only the most subtle semantic sant te tb 


Cultura] variati ae munity. 
riations within the European com y 
Mitten defining the full sense of the word Vaterland to the German 


and this book would be a description of German ones on eee 
dict (1946) has actually presente pina 


. «a1 a - it 
Neither are Ul 


d the Japanese cu 
f a few date words. The Japanese 
»f example, is partially identical with 
- n of Japanese values, 


descriptio 
olves ae a is age is expanded in this 


4 give the full meanings © 
quivalent of “elder brother, 
our term but a full definition Inv 


family life, law, ete. Whe fee eee areas with culture areas. For 
Way it is a truism to identify 14 


han an inventory of all the ideas, interests, 
anguage is nothing less tha 


i he community. The 
he attention of t unity. 
and occupations that = sas nded sense, cannot be distinguished 


Study of semantics, 7” : ei | 
from the general study ? la discovered by anthropological linguists 
itive donk as totally foreign to our way of thinking. 

es ts which show that we can learn 


ted argumen 
We have already but we will go further than this 


; naccustomed ways . 

to think in en of the conceptual oddities turned up by Whorf 
and claim t ae be found in some group within our complex society. 
and others poys interested in making snowballs distinguish “good 


After all, small 


= im 


have usually 
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“é ~ rniaAR 7] es Still in ° P 
kine” snow from “poor packing of iner distinc. 
a co . “ognize many Kinds OF Cattle. Experts on 
tions. Cattle breeders recognize many » feo! ; 
all the kinds of aunts there are. on 
kinship terminology know all the -_ ds : aa ae 
eRe. > TAT protocols we have ye 

of Dr. Henry Murray’s whose TAT protocols read habitually 


qualifies his statements by mentioning SS ah ee ie information 
Scientists have developed the validity mode BNO Si) se 
of statistics and experimental methodology. We conjugate our verbs 
with reliability coefficients and “T” ratios. Poets, schizophrenics, and 
scholars all cultivate deviant cognition. The strange conceptual habits 
of alien people may all be found in some minority of our population. 
They may be a professional habit, a flight into unreality, or a source 
of creativity. 

In this appendix language has been described as a system of cate- 
gories having important relations with the nonlinguistic categories of 
thought and culture. This “category analysis” points up some interest- 
ing continuities between language and the general psychology of 
cognition. In the last section, for example, it was proposed that the 
cognitive differences suggested by the data of anthropological linguis- 
tics may be differences of category availability. A less available cate- 
gory is not one we are unable to form b 


ut is, rather, a category we do 
not conventionally use. When th 


e phoneme is treated as a category it 
1s again possible to describe cognitive differences between societies in 


terms of availability. It is not that we are unable to categorize vowels 
by duration but we do not ordinarily so categorize them, whereas this 
conventional Practice for the Navahos. The Navaho’s vowels and 
e Aaa snows appear to have the same kind of low availability 
oF Mose not raised to them. Our method of analysis assimilates lan- 
guages, in many ways, to general cognition. At the same time it has 


revealed something of the special role of the language system 
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sought to describe and in a small measure to explain what happens 
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W. Brown describes the formal structure of language, phonology, and 
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